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A New Source 


of POWER... 






he continued industrial expansion of 


America depends, in a large measure, upon the avail- 
ability of an ample supply of cheap power. 

A most efficient Industrial Steam Cycle is coming into 
use; a cycle which through the use of high initial steam 
pressures provides a source of cheap power for any plant 
using steam for processing. 

There has been a definite trend toward the adoption 
of higher steam pressures in the Public Utility field. Our 
intimate identification with this development led to the 
realization that the use of high.pressures could be advan- 
tageously extended to Industrial plants by generating 
steam at a pressure sufficiently high to develop the amount 
of power required, when the turbines or engines are ex- 
hausting at a pressure high enough to meet the steam 
needs for process work. The prime movers thus act as re- 
ducing valves and the steam serves a double purpose in 
its reduction from initial pressure to final exhaust pressure. 


The cycle is simple, dependable and economical. 


Several installations of this type are already in suc- 
cessful operation. Several more are designed and in course 
of construction. 


This Company has developed, manufactured and in- 
stalled all types of steam generating equipment covering 
a wide range of pressures up to 1400 Ib. per square inch 
—and, we are now building units to operate at 1800 Ib. 
pressure. This will be the highest steam pressure in com- 
mercial use in America and the plant in which these units 
are being installed, will be the largest steam plant in the 
world operating at such a pressure. 


The use of high pressures involves many engineering 
problems which necessitate close coordination of fuel 
burning and steam generating equipment. As pioneers in 
the development of complete steam generating units— 
both stoker and pulverized fuel fired types— Combustion 
Engineering Corporation is in a position to give valuable 
counsel to those interested in the economies of high pres- 
sure steam. 


COMBUSTION ENGINEERING CORPORATION 
international Combustion Bidg., 200 Madison Ave., N. Y. 
A Subsidiary of 


INTERNATIJNAL GOMBUSTION ENGINEERING CORPORATION 
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Thirty-three stories, the Southwestern Bell Telephone 
Li building in Saint Louis-towers above the street level. It 
is the tallest structure in the city and one of the strongest., 


~ ‘Typically American the walls of this imposing building 
rise in steps-called the “set-back” style in construction. 
On one side of the building the steps occur at the 13th, 
17th, 20th and 23rd floors while on two other sides they 
occur at the 15th, 22nd and 25th floors. 


Unseen, yet of great importance, is the foundation. Here, 
as on many large building projects throughout the world, 
a Koehring Heavy Duty mixer with its re-mixing action 
turned aggregate and cement into dominant strength con- 
crete caissons. Reaching 75 feet below street level, 130 of 
these reinforced columns support the Telephone building. 
Koehring re-mixed concrete is dominant strength concrete. 


KOEHRING COMPANY 
MILWAUKEE, WISCONSIN 


Manufacturers of ‘ y 
Pavers, Mixers—Gasoline Shovels, Pull Shovels, Cranes and Draglines > y oS 
Division of National Equipment Corporation q vy © 


KOEHRING 
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Modern life calls for convenience. It also calls for a show of beauty. 
| But what are these values worth if beneath them there is not a solid 
| foundation of endurance, of dependability? Lead has stood the test of 
| 





dependability for many centuries. It stands today as the plumber’s great 
ally in giving long lasting satisfaction and service. For lead is tough, 


elastic, withstanding shocks and disturbances that break other metals. 
—ittsime- The Eagle-Picher Lead Company, 134 North La Salle Street, Chicago. 


EAGLE -,, Pipe » Fittings » Solder 
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When You’re Asked to Address 


A Gathering 


OME day you may be a leader in your community—the man to 

whom everyone turns when strong counsel is wanted. Already you 
may be on the road to a broader service—contributing your time and 
thought to extra-curriculum affairs—editing a paper, managing or 
playing on a team, doing social service work, acting for the dramatic 
club. Out of college the same opportunity for public service exists as 
in college. Men who are leaders in their business or profession are often 
leaders in civic affairs, too. 


When you leave college you’re going to meet Stone & Webster men. 
You'll find them taking an active part in the community—leading 
in civic affairs as they lead in their business. You'll find them 
managing transportation companies, operating and financing public 
utility companies and building industrial plants. You’ll find the 
Stone & Webster organization is worth knowing and worth doing 
business with. The Stone & Webster training ably fits its men for 
public service. 


STONE & WEBSTER 


INCORPORATED 
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The American Petroleum Institute 


An outstanding example of industrial cooberation and service 


HE demands which have been 
made upon the oil industry by 
the voracious consumer are past 

belief. In ten years there has been an 
increase of over 17,000,000 in the num- 
ber of automobiles registered in the 
United States. At present there are 
24,750,000 motor vehicles running on 
the streets and highways of this coun- 
try. No deft magic can explain the 
achievement of the oil industry in 
meeting the gasoline demand in the 
last ten years. The oil industry had 
to work to find and make oil products. 
It continued a search for petroleum 
deposits on a constantly expanding 
scale. This involved vastly increasing 
financial burdens, and the industry 
called to its service scientific and engi- 
neering thought that has virtually revo- 
lutionized production practice. The 
last ten years have seen the greatest 
expansion in exploration and produc- 
tion of petroleum, not only in this 
country but throughout the world, of 
any decade since Drake drilled his 
famous well near Titusville, Pa., in 
1859. 

Not only has the oil industry sup- 
plied the fuel and lubrication for the 
multiplying motor car, but it has done 
even more in making the motor car so 
prevalent with all this implies in social 
advancement. Gasoline has built thou- 
sands of miles of roads. And no less 
amazing than the growth of the auto- 
mobile is the equipment of this conti- 
nent with modern roads in a compara- 
tively few years. Revenues from state 
gasoline taxes have been a very vital 
factor, and the gasoline tax is now one 
of the most important sources of high- 
way revenue, its yield representing 
about one-fourth of the total of all 
funds available for road purposes. 

Gasoline has been the most impor- 
tant product of petroleum from the 





By Leonarp M. Fannine 


Director of Public Relations 
American Petroleum Institute 


standpoint of consumption during the 
last decade. But it should not be over- 
looked that other products of petro- 
leum share with gasoline that vital 
position in modern civilization that 
comes with universality of usefulness. 
Herein lies the magic of petroleum — 
in its service for light, heat, power, 
lubrication, medicine, and what not. 
Ten years ago the American Petro- 
leum Institute was formed as an out- 
growth of the National War Service 


One of the most valuable lessons 
resulting from the World War was 
that of the benefits derived from 
organizations embracing the entire 
scope of a basic industry. 


The 
American Petroleum Institute is 
one of these bodies, and, in its 
many and varied activities, it is 
performing increasingly important 
functions. 





Committee. It is an association of 
more than four thousand persons en- 
gaged in the oil and allied industries, 
and it has held an increasingly im- 
portant position in the oil industry in 
connection with its codperative activi- 
ties on such problems as accounting 
and taxation, standardization, develop- 
ment and production engineering, tech- 
nology, statistics, and public relations. 
One of the most important matters 
which has held the attention of the 
Institute is that of conservation; and 
through committees it has coéperated 
with the Federal Oil Conservation 
Board appointed by President Coolidge 
in 1924. 
89 


Recently, through the Institute, 
country wide committees were organ- 
ized to formulate a national petroleum 
industry code of ethics to apply to the 
marketing of petroleum products. The 
code resulting is now before the Federal 
Trade Commission for approval, and 
will probably be generally adopted 
throughout the industry. 

Work on uniform accounting, for the 
adoption of oil companies, began under 
the auspices of the Institute four years 
ago. As a result of intensive codpera- 
tive work, a uniform balance sheet and 
income account have been adopted by 
the oil companies. 

Great progress has been made in 
standardizing oil field equipment and 
methods through the Standardization 
Division of the Institute. Specifica- 
tions have been completed on 90 per 
cent of the equipment used in the 
drilling and producing of oil. 

At the annual meeting of the Insti- 
tute, held in Chicago in 1927, a Divi- 
sion of Development and Production 
Engineering was established, and sub- 
sequently this division has been organ- 
ized throughout the oil producing dis- 
tricts. The primary objective of the 
division is the collection, correlation, 
and dissemination within the industry 
of information both technical and prac- 
tical concerning development and pro- 
duction technique. The dissemination 
of this information is through regional 
meetings and through open session 
meetings of the American Petroleum 
Institute and through the official pub- 
lications of the Institute. 

The petroleum industry, which has 
grown to its great magnitude from an 
inadequate foundation of fundamental 
knowledge regarding the raw material 
on which it rests, has embarked on a 
research program designed to assist in 

(Continued on page 104) 





Oil Geology and Production 


The occurrences and characteristics of petroleum deposits, and their relation to 
their development of the industry 


N the present period of great pro- 
I duction of petroleum, it is interest- 

ing to look back through the per- 
spective of time to the days of the 
pioneers when “rock oil,’ procured 
four hundred feet below the earth’s 
surface, was “a wonderful natural 
remedy” and to review the eighty 
years’ progress of the industry extract- 
ing 2,600,000 barrels of petroleum 
daily from wells as deep as 8,500 feet 
in the United States today. In this 
three-quarters of a century, the raw 
material, crude oil, has changed from 
the commodity of the itinerant peddler 
to the basic material of one of our 
greatest industries. The extraordinary 
and complex properties of the sub- 
stance have been discovered and used; 
the occurrence and geologic origin of 
oil have been studied in many lands, 
and knowledge of the finding of petro- 
leum has been developed to an extent 
that, in spite of our great needs, we 
have now more crude oil than we 
can use. 

This growth has not been fortuitous; 
for accompanying the development of 
the petroleum industry and both caus- 
ing it and being inspired by the avail- 
able raw material, a series of inven- 
tions has occurred. Kerosene lamps 
were new in 1876 when nine million 
barrels of oil came almost entirely from 
Pennsylvania, but lamp oil and lubri- 
cants offered little further expansion 
in 1901 when sixty million barrels of 
crude oil still came principally from the 
Appalachian states. The internal com- 





A GUSHER IN FULL FLOW 





By W. L. Wairexeap 713 
Special Lecturer in the Geology of Coal 
and Petroleum 
Massachusetts Institute of Technology 


bustion engine, however, had at this 
time been invented, automobiles were 
being produced and the airplane was 
almost ready for controlled flight. In 
the next five years the production of 
petroleum had more than doubled, 
California became the principal field 
with Oklahoma and Illinois close be- 
hind, and Texas had begun her long 
effort towards preéminence. More 
recent history is concerned with devel- 
opment rather than with new inven- 
tion, although further outlets for 
petroleum products are continually 
being found; but in each ten years 
since 1908 our oil production has again 
been doubled, until today the known 
supplies of petroleum under the sur- 
face of the United States are sufficient 
for the yearly projected needs of, our 
country almost ten years hence. 

The two great periods of petroleum 
expansion, from 1850 to 1875 and from 
1902 to 1908, were caused by inven- 
tions which were quickly adopted by 
the American people and in the broader 
field by those of the world. At these 
times new fields were available, first in 
the regions extending about Pennsyl- 
vania, next in California and in the 
great area of the Midcontinent. But 
in less spectacular times the steady and 
often rapid growth of oil demand re- 
quired additions to the knowledge of 
oil occurrence. It is this development 
that is the principal cause of present 
conditions. 

In 1859 when Colonel Drake drilled 
69 feet at Titusville, Pennsylvania, to 
bring in the first oil well in the United 
States, it is probable that his only rea- 
son for the undertaking was a belief 
that seepages of petroleum along Oil 
Creek were fed from underground 
sources. His idea was correct and for 
a time wells were drilled in similar 
situations, but as seepages were rare in 
Pennsylvania operators ventured far- 
ther and farther away from them until 
it was established that sources of oil 
existed where no indication appeared 
at the surface. At this time certain 
trends of oil pools were discovered; the 
oil followed northeasterly lines, and 
drilling proceeded on these lines to the 
best advantage. It was also found that 
usually the drill reached gas first, then 
oil, and that after producing oil, a well 
would flow water. These relations and 
the fact that the oil was found in north- 
easterly folded, coarse, porous sand- 


90 


stones and oftenest on the tops of 
arched folds, caused Dr. I. C. White, 
in 1885, to propose that on these arches 
or anticlines, due to gravity, the oil 
floated on the water saturating the 
sandstones, and that the gas lay above 
the oil. This anticlinal theory persisted 
through many vicissitudes, for, though 





A MODERN OIL FIELD 


The derricks are of steel construction, in 
contrast with the wood frameworks of early years 


it met with much opposition from those 
who drilled dry holes on arches in the 
Appalachian rocks, upon further study 
variations of sandstone porosity were 
found to be important, and it was dis- 
covered that a seal or impervious cap 
to the sandstone bed was needed. The 
cap rock effectually prevented the pres- 
sure on the gas and oil from causing 
their diffusion from the porous sand- 
stone. In Pennsylvania it is usually a 
dark colored shale or fine-grained 
mudstone. 

In the meantime Newberry, another 
geologist, had noticed these shales in 
their association with oil from a dif- 
ferent standpoint. He found that in 
Pennsylvania the sandstone beds, where 
they appeared at the surface, were usu- 
ally interbedded with dark shales which 
contained many organic remains, both 
vegetable and animal, in the form of 
fossils. He stated his belief that the 
vegetable organisms had decomposed 
and, in the long period of geologic time, 
had been converted to petroleum. As 
the shales or mud-like rocks contained 
the organisms while the sandstones in 
which the oil was found were barren of 
such remains, the oil had necessarily 
migrated from the shales into the sand- 
stones. But about this time, 1886, 
Ohio had begun to produce oil from 
another rock formation. Oil here came 
from a porous limestone in which many 
shells of animal fossils were found. It 
was therefore proposed that the pe- 
troleum was derived solely from animal 
remains. 
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TYPICAL OIL POOLS 


The above sections show the relation of oil 
accumulation to geologic structure 


The controversies regarding the anti- 
clinal theory and whether petroleum 
came from the decomposition of animal 
or vegetable matter persisted through- 
out the closing years of the last century. 
New discoveries of oil in West Virginia, 
California and Indiana had met the 
slowly increasing demand and further 
information from geologists was not 
greatly needed by oil operators. The 
tendency continued to look for oil on 
the tops of arches in sandstone and 
shale formations, or in porous lime- 
stone beds and to interpret, as best 
might be, the possible porosity of the 
beds penetrated some 1,500 feet below 
the surface. 

In 1901, coincident with the early 
automobile production, occurred an 
event of great significance in the his- 
tory of the American petroleum indus- 
try. On the Gulf Coast, a mining 
engineer, Capt. Anthony Lucas, had 
drilled some wells for Joseph Jefferson, 
the actor, and had found salt. He was 
interested in certain indications of pe- 
troleum connected with the salt wells 
and in 1900 began a well at Spindletop, 
Texas to test this locality for oil. Many 
difficulties were encountered as the 
formation to be penetrated contained 
quicksands. Three previous wells had 
failed and even Lucas, who first used 
here the rotary system of drilling in 
place of the older standard cable per- 
cussion method, lost his first well. The 
second attempt, however, was success- 
ful, and in January, 1901 at 1,140 feet 
he brought in a tremendous gusher. 
The early flow is unknown and is esti- 
mated at from 75,000 to 100,000 bar- 
rels per day, the greatest oil well the 
world had yet seen. 

The consequences of the Spindletop 
discovery were far reaching. A new 
system of drilling, well adapted to soft 
rocks and continuous in contrast to the 
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older intermittent process, had been 
devised. Oil had been discovered in 
larger quantities than ever before and 
in relation to salt bodies quite different 
to the former occurrences in sandstones 
and limestones. A new region was 
opened that today in Texas and Louisi- 
ana produces nearly 50 million barrels 
of crude yearly. Geologists realized 
that their former knowledge was in- 
complete; producers saw rich new 
fields to meet the quickly growing de- 
mand; and competition was stimulated 
by the new companies of Texas. The 
industry woke up. 

At this period Russia had been domi- 
nant in petroleum production for sev- 
eral years. Her fields, somewhat simi- 
lar to those of California, had attracted 
considerable attention from geologists, 
but as the interest was, in a great de- 
gree, foreign to American companies, 
little was known in the United States 
of these fields or of those of the East 
Indies. Nearer home, however, in 
Mexico, oil was being found, and be- 
tween 1907 and 1910 began the great 
flood of Mexican petroleum. American 
geologists joined the hunt for oil in 
Mexico and it soon developed that the 
petroleum occurred near the plugs of 
the vents of old volcanoes. By 1913 
the occurrence of oil was recognized to 
be a complex and variable thing. It 
was seen that porous rocks or rocks 
containing cavities of any kind offered 
reservoirs for oil floating on a water 
surface. 

In the meantime the folds of Okla- 
homa had been exploited. Forty to 
fifty million barrels a year testified to 
the applicability of the anticlinal the- 
ory in the region and still further ad- 
vance had been made in the develop- 
ment of the theories 
of the origin of pe- 
troleum. Experi- 
ments combined 
with the proved re- 
lations of oil to 
shales and mud 
rocks containing 
vegetable remains 
had offered incon- 
trovertible evidence 
of the derivation of 
the oil from vegeta- 
tion. Animal re- 
mains of micro- 
scopic size in the 
rocks of California 
had given indications of equal weight 
of the organic animal origin of the oil 
there. So a truce was drawn, and both 
types of organisms are accepted today 
as having contributed to the oil supply. 

Petroleum, however, is found in the 
porous rocks, and but little bituminous 
matter remains in the shales. The 
method of migration of the petroleum 
produced from organisms in prolonged 
reactions by heat. and pressure in the 
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fine mud rocks had remained unex- 
plained. 

Washburne in 1912 furnished the 
answer. The surface tension of water 
is about three times that of oil and, 
therefore, in the small capillary open- 
ings in the mud rocks considerable 
forces would tend to replace the oil by 
water in a saturated rock. This oil 
escaping into the more porous sand- 
stones would be distributed by gravity 
or other forces to a position of equilib- 
rium at the water gas surface on the 
arches or other porous high sealed 
points. In dry rocks the oil would 
descend into basins. The reservoirs 
were then known to be in sandstones, 
in porous limestones, and in fractures 
near salt bodies and old volcanoes. 

Geologists had now discovered suf- 
ficient information regarding the oc- 
currence of petroleum to be of more 
service to the producer. The larger 
companies added departments of ge- 
ology to their staffs and intensive work 
upon the surface of the oil-producing 
states began in a search for folded 
arches or, along the Gulf Coast, for 
indications of salt domes. 

The search was successful. Okla- 
homa, Kansas, Louisiana, Texas and 
California saw unprecedented develop- 
ment. The fields of Wyoming and 
Montana were discovered. Mexico, in 
1921, reached her peak production, - 
while the United States doubled the ~ 
output of 1912. The geological knowl- 
edge of oil occurrence was proved an 
effective tool in practical affairs. The 
anticlinal theory was fully established, 
but with the many and complex modi- 
fications inherent to a simple theory 
explaining the varied manifestations of 
nature. 





THE SUMMERLAND FIELD, SANTA BARBARA 
With the wells sunk beyond the shore line, this represents an interesting 
development in drilling 


Abroad also, the geologist, and in 
many places the American, in foreign 
service, found oil. The smaller fields of 
Trinidad, Egypt and Argentina were 
developed. . Petroleum was produced 
from Persia and the oil fields of Vene- 
zuela and Colombia were discovered. 

In these years, from 1912 to 1921, 
the knowledge of oil fields had been 
extended and amplified. Many new 

(Continued on page 118) 





Engineering and M. I. T. 





The engineering professions and their presentation at Technolog y 


neer has been one of the most 
dominant and progressive forces 
in the scheme of our existence. He 
has fittingly been called the “world’s 
greatest civilizer.” He has been the 
wheel which has balanced the discov- 
eries of the experimenters and the pure 
scientists with the economic life of the 
world. The turning of the fundamental 
physical and chemical principles to 
practical account by these men has, in 
the main, made our modern civilization 
possible. 
Today the physical pioneering is to 
a large extent finished. The far places 
of the earth have been mapped and 
explored; the great transportation sys- 
tems, the radio, and the airplane are 
bearing the torch of commercial prog- 
ress into all the inhabited parts of the 
globe. But a greater task lies just 
ahead. The increasing complexity of 
the problems that the machine age and 
the growth of population bring will 
make heavier and more exacting de- 
mands upon the scientist and the engi- 


f ‘gay time immemorial the engi- 


neer. Great water supply systems are 
built, used and rendered obsolete 
within a few years, so rapid is the 


growth of population in certain urban 
centers. Newer and bolder visions 
must be conceived and made to serve. 
These great problems which loom in 
the future have possibilities for bene- 
fiting mankind which are limited only 
by the vision of the men who must 
solve them. Widely differing types of 
men can find their places in the fields 
of engineering and science. Each is 
important in his place, and all con- 
tribute equally to the finished product, 
whether it be a bridge, a machine or a 
chemical compound. 

In the calibre of its staff, in the in- 
clusiveness and modernity of its equip- 
ment, and its codrdinated and bal- 


anced curriculum, the Massachusetts 
Institute of Technology has the means 





A CHEMIST IN THE LABORATORY OF APPLIED CHEMISTRY 


At work on one of the studies of textile fabrics being made at M. I. T. for 
the purpose of solving some of the fundamental problems of laundering 
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of training men thoroughly and broadly 
in the fuadamentals of science. 

A wide range of subjects with general 
cultural values is incorporated into all 
the courses offered, including English 
and History, Economics, Foreign Lan- 
guages, Literature, Music and Fine 
Arts. 

Courses lead to the degree of Bache- 
lor of ‘Science in civil engineering, sani- 
tary and municipal engineering, me- 
chanical engineering, electrical engi- 
neering, mining engineering, metal- 
lurgy, chemical engineering, chemical 
engineering practice, electrochemical 
engineering, aeronautical engineering, 
general science, general engineering, 
mathematics, engineering administra- 
tion, architectural engineering, naval 
architecture and marine engineering, 
building construction, physics, chemis- 
try, biology and public health, ihdus- 
trial biology and geology. The five- 
year course in architecture leads to 
the degree of Bachelor in Architecture. 

In each of these, sufficient options 
are offered to enable the student to 
make a selection which will qualify 
him to undertake work in new and 
special fields of technical and scien- 
tific endeavor, such as automotive 
engineering, highway engineering, fuel 
engineering, etc. These options also 
provide for the study of the science and 
technology of paper making, the re- 
fining of oils, and of the manufacture 
of rubber, leather, building and other 
materials. In addition the Institute 
offers may facilities for graduate work 
and gives courses leading to the degree 
of Master of Science, Master in Archi- 
tecture, Doctor of Philosophy, Doctor 
of Science and Doctor of Public Health. 

Civil Engineering, as it is under- 
stood today, is that branch of engineer- 
ing which concerns 
itself chiefly with 
works of more or 
less permanent 
character required 
either for transpor- 
tation by land or 
water; or for the 
collection, regula- 
tion and distribu- 
tion of water for 
power and domestic 
uses and for irriga- 
tion; or for the re- 
moval of manufac- 
turing and human 
wastes and of storm 
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water; or for industrial and commercial 
projects. The duties of the civil engi- 
neer in connection with such works 
include location, design, supervision 
during construction, maintenance and, 
oftentimes, operation after construc- 
tion. Included in the work of the civil 
engineer is also the investigation of 





THE LARGE WIND TUNNEL 


Much Army and commercial aeronautical 
research is carried on in this tube, 86 feet long 


the economic phases of proposed proj- 
ects and the valuation of existing 
plants. 

The undergraduate course in Civil 
Engineering at the Institute is divided 
into three options: (1) General, (2) 
Transportation Engineering and (3) 
Hydroelectric Engineering. The stu- 
dents in all these options are given 
thorough training in the fundamental 
subjects underlying the practice of 
Civil Engineering, and a certain amount 
of special training in the particular 
field covered by the option. 

The opportunities open to the recent 
graduate in Civil Engineering are nu- 
merous and constantly increasing with 
the development of this and other 
countries. The Institute offers a five- 
year course in Railroad Operation, the 
purpose of which is to provide funda- 
mental training in engineering and 
practical operating experience in the 
various departments of a railroad. 

Closely allied with present-day Civil 
Engineering, the course in Sanitary 
and Municipal Engineering concerns 
itself particularly with engineering 
problems bearing upon the public 
health. It differs from Civil Engineer- 
ing in that the engineer in this field 
must have a considerable knowledge 
of biology, bacteriology and organic 
chemistry in addition to his know!l- 
edge of the fundamental civil engineer- 
ing subjects. 

Mechanical Engineering is one of the 
broadest of all fields of engineering. 
When James Watt discovered that 


(Continued on page 122) 

















Trafic Engineering 


Current activi ties by the Commonwealth of Massachusetts 


the field of traffic engineering, the 

general public hears a great deal 
about the fact that something is being 
done, but very little about what is 
actually being accomplished. Since 
everyone is. at one time or another 
either a pedestrian or a motorist, we are 
all very apt to become exceedingly im- 
patient, particularly if we do not thor- 
oughly understand the engineering 
aspects of the problem of street traffic 
control. It has taken the steady pres- 
sure of congestion to sell to the public 
the idea that street traffic regulation is 
an engineering problem and that engi- 
neering principles must be applied be- 
fore changes for the better may be 
expected. 


iy this age of increasing activity in 


Growth of Traffic Engineering 

In the early days of personal trans- 
portation by automobile, congestion 
was centralized in a comparatively few 
localities. The margin of movement 
and safety was sufficient to permit its 
control by guesswork or politics. As 
this great menace to transportation 
spread and became more acute, it was 
soon noticed that existing methods 
were of little use in solving the problem. 
The public and its servants stood for 
increasingly bad conditions for a much 
longer period of time than would have 
any private corporation, but at length 
even they were forced to see that steps 
must be taken to improve the situation. 

The situation became most acute 
in municipalities, since they are usually 
established at the intersection of im- 
portant highways, and it was in these 
places that the early engineering at- 
tempts were made. Various organiza- 
tions have arisen to serve the pressing 


demand. The author has had the 


pleasure of being associated with one 
of these, the Albert Russel Erskine 
Bureau for Street Traffic Research. 
This bureau established at Harvard 
University has made surveys in Bos- 
ton, Chicago, Los Angeles, San Fran- 
cisco, Providence, New Orleans, and is 
now engaged in making a comprehen- 
sive survey for the Commonwealth of 
Massachusetts. Through these investi- 
gations a basis of facts is established 
from which engineering conclusions 
and recommendations may be made. 
In this way there are recorded facts 
and a history of experience from which 
many lessons may be drawn. 

With the development of highways 
and the improvement of the automo- 
bile the length of the average trip has 
been increased materially. The prob- 


and the City of Boston 


By Maxweti N. Hatsry 


Traffic Engineer for the 
Commonwe:.!th of Massachusetts 


lem has grown from its early localized 
status to one of much wider scope. 
Motoring has expanded from the limits 
of the city to and beyond those of the 
county and the state. Its control over 
larger areas must now be intercon- 
nected and made uniform. 

Two of the most indicative traffic 
investigations in the country are tak- 
ing place within the Commonwealth of 
Massachusetts. The Boston activity 


The importance of metropolitan 
street traffic control as an engineer- 
ing problem is rapidly becoming 
recognized by the public at large. 
The growth of traffic in this day of 
the constantly increasing use of the 
motor car has brought it to a point 
where only the methods of science 
can efficiently cope with the situ- 
ation. The author, Mr. Halsey, is 
a former Albert Russell Erskine 
Fellow of Harvard University and 
at present Traffic Engineer for the 
Commonwealth of Massachusetts. 
A ptoneer in this new branch of 
engineering, he is in a position to 
give the most authoritative informa- 
tion on a subject which we feel will 
be of the greatest interest to all our 
readers. 





is of special interest because of the un- 
usual character of the city streets and 
their traffic characteristics. The Mas- 
sachusetts survey is of tremendous in- 
terest due to the fact that it represents 
a pioneering movement, probably the 
first state-wide survey of its kind. The 
following discussion is given in an at- 
tempt to furnish the public with two 
outstanding exaraples of what is being 
done in this comparatively new field 
of traffic engineering. 


The Boston Traffic Survey 

The City of Boston, with its narrow 
streets and heavy vehicular and pedes- 
trian traffic, has felt for some time the 
increasing pressure of congestion. Some 
years ago when the conflict of surface 
street cars with other vehicles and 
pedestrians became unbearable in the 
downtown district, they were moved 
underground and so Boston built one 
of the earliest subway systems in the 
country. The rapid growth in free- 
wheel transportation since that day 
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has placed that city in another con- 
gested position which again demands 
relief. Public opinion crystalized in 
December, 19%6, when tie Honorable 
Malcolm E. Nichols, Mayor of Bos- 
ton, called together a number of public 
officials and representatives of business 
organizations to consider the problem 
of street traffic congestion in the City 
of Boston. This group became the 
Mayor’s Street Traffic Advisory Board 
and at one of its early meetings, reached 
the conclusion that a comprehensive 
survey of the problem should be im- 
mediately undertaken. The Board 
recommended that the Albert Russel 
Erskine Bureau for Street Traffic Re- 
search be invited to conduct this study 
and that an appropriation be made to 
defray the expense of the work. The 
Mayor approved of the recommenda- 
tion, the City Council voted the appro- 
priation, and the work began at once. 

The survey received great assistance 
in addition to the appropriation of 
$25,000. A great many of the city de- 
partments offered men and materials, 
while civic organizations and business 
men aided by contributing men and 
taking counts at the survey’s request. 
The gathering of all the facts represent- 
ing the present condition, together with 
their analysis and the recommendations 
following therefrom consumed over a 
year’s time. The findings and con- 
clusions have been printed in report 
form and will serve as a base for future 
study. 


Survey Recommendations* 


Among a list of recommendations on 
the part of the survey, the following 
are of interest. The purpose of the 
survey was the design of a balanced 
and coérdinated system of traffic regu- 
lation; the principal specific conclu- 
sions were contained in a remodeled 
system of traffic rules and regulations. 
This code contained comprehensive 
and definite provisions for the regula- 
tion of various types of traffic move- 
ment, designed to replace rules which 
were at that time in force. Public 
hearings were held upon this proposed 
code, and it was passed practically as 
written. Of special interest is recom- 
mendation concerning traffic signals. 
A coérdinated system of automatic 
signals was proposed for various parts 
of the city. The first unit is being 
installed at’ the present time, and in- 


*These recommendations are to be found on 
pages 1 to 4 of “The Street Traffic Control 
Problem of Boston.” 


(Continued on page 108) 





Oil and Gas Fires 





The causes, extinguishing and prevention of fires under field conditions 


IL and gas well fires constitute 
C) one of the greatest hazards con- 

fronting oil operators. The 
recent well fires which occurred at 
Santa Fe Springs, Calif., are striking 
examples of the loss in property and 
natura! resources and the danger to 
human lives caused by such fires. 
“The property destruction, together 
with the value of the oil and gas con- 
sumed, and the cost of extinguishing 
these two fires, is estimated at upwards 
of two million.” + The first fire (Fig. 2) 
burned for seven weeks. When finally 
brought under control, the well pro- 
duced at the rate of 6,000 barrels of 
oil and ten million cubic feet of gas 
daily. Estimates of its initial pro- 
duction, shortly after it blew itself in 
and caught fire, are as high as 10,000 
barrels of oil and 40 million cubic 
feet of gas daily. 

The second well, which was brought 
under control in three weeks, is re- 
ported to have produced at the rate 
of 2,500 barrels of oil and 30 million 
cubic feet of gas daily. 

The general subject of cause, pre- 
vention and extinguishing of oil and 
gas well fires is complex. The following 
text is confined to brief accounts of a 
few outstanding examples of oil and 
gas well fires, and the methods used 
in combating them. 

Well No. 17, Getty-Nordstrum 
Lease, Santa Fe Springs, Calif.,{ “blew 
out”’ Septémber 16, 1928, while drill- 
ing was in progress at a depth of 
5,409 feet. A feverish attempt was 
being made to reach the _ prolific 

* Published by permission of the Director, 


U. S. Bureau of Mines. (Not subject to copy- 
right.) 





By Brew E. Linpsty ’05 


Senior Petroleum Engineer 
United States Bureau of Mines 


Buckbee zone which had been dis- 
covered a few weeks previously by 
another well at a depth of 5,650 feet. 
Circulation of mud fluid in the Getty- 
Nordstrum well had been lost while 
passing through the partly depleted 
Meyer zone, 700 to 1,200 feet above 
the Buckbee. During the drilling, an 
unexpected high-gas-pressure zone was 
drilled into. The column of mud 
fluid in the hole was insufficient to 
hold back the gas, and the well “blew 
wild,” catching fire with a heavy 
explosion within half an hour after 
the initial flow. The fires under 
nearby boilers probably ignited the 
gas. 

Possibly the common methods of 
setting off a charge of high explosives 
or directing steam jets near the base 
of the flame would have snuffed out 
the fire temporarily, but owing to the 
great mass of hot metal lying over the 
mouth of the well, probably it would 
have reignited immediately. Further- 
more, it was wholly inadvisable to 
extinguish the fire until means had 
been prepared for handling the large 
production of oil and gas coming from 
the well. The burning well presented 
less menace to surrounding wells and 
other valuable property than if the 
fire had been extinguished, allowing 
oil and gas to flow uncontrolled. Such 
a condition might have resulted in a 
more disastrous fire with possible loss 
of life and great destruction of valuable 
property. This danger was so pro- 
nounced that a pilot burner was 





FIG. 1. 


A DIVERTER IN USE 


Placed over the casing of the burning well, this pipe carries away much of the gas escaping 
at the mouth. The stream of water is to prevent the pipe from being warped by the heat 
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placed near the mouth of the well 
early in the operations. 

The planning and execution of a 
method, whereby the production was 
controlled first and then the fire was 
extinguished, constitutes a triumph 
of engineering skill and ingenuity for 
the engineers in charge of the opera- 
tions. 

In brief, the original plan was as 
follows: approximately 240 feet from 
the mouth of the well, to excavate a 
pit to a depth of 20 feet; to drive an 
inclined tunnel downward from the 
bottom of this pit at a predetermined 
angle to reach the well casing at a 
point about 50 feet below the surface; 
to penetrate the various sizes of pipe 
in the hole with specially designed 
tools and equipment; to force certain 
materials through the tapped holes in 
the casing into the upward flowing 
column of oil and gas in order to 
obstruct the flow, and to either “kill 
the well” or force the major quantity 
of oil and gas into pipe lines connected 
to the well casing at the point of 
penetration. 

Many auxiliary and precautionary 
measures were employed prior to and 
during the operations. These included 
the removal of part of the great mass 
of hot metal near the mouth of the 
burning well, the construction of huge 
dikes to confine the oil in case the fire 
should be extinguished while the well 
was not under complete control, the 
building of high metallic and asbestos 
shields to protect buildings in the 
vicinity, the dynamiting of nearby 
steel derricks, the removal of wood 
derricks and other wood structures, 
and the stationing of a Bureau of 
Mines rescue car for emergencies which 
might arise. Streams of water were 
played on equipment which could not 
be removed from the fire area, and the 
men who were required to work in the 
intense heat were likewise protected 
by being sprayed with streams of 
water. 

A few of the operations warrant a 
more detailed description. When the 
face of the tunnel was within ten feet 
of the well, small test holes were 
drilled to the casing to ascertain if 
there were leaks which might cause 
large volumes of gas and oil to enter 
the tunnel with resulting disaster to 


+ Uren, L. C., Nat. Petrol. News, Jan. 9, 1929, 
p. 52. 

t For further description, see Oz Bull., 
Oct., 1928, p. 1038; Dec., 1928, p. 1256; and 
Feb., 1929, p. 133. See also Calif. Oil World, 
Nov. 8, 1928, p. 1; Oil and Gas Jour., Nov. 1, 
1928, p. 54; Nat. Petrol. News, Jan. 9, 1929, 
p. 51. 
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the workmen and to the operations. 
No leaks were found, and the tunnel 
was driven to the casing, where it was 
discovered that a rather large cavity 
had formed. There were four con- 
centric strings of pipe in the well at 
the tunnel level; 15-inch, 11-inch, 
9-inch casing, and 4-inch drill pipe. 

Briefly, the method of penetrating 
the pipe was as follows: Pipe clamps, 
with suitable gaskets and packing, 
were installed on the 15-inch pipe 
near the top and bottom of the 
chamber. From each clamp extended 
a heavy nipple, to which was screwed 
a gate valve. A stuffing box was then 
placed on each valve. The pipe was 
penetrated by a drill which operated 
through the stuffing box and gate 
valve connected to the clamp on the 
15-inch casing. After penetrating the 
15-inch casing, the drill was with- 
drawn sufficiently to permit closing 
the valve, after which it could be safely 
withdrawn from the stuffing box. The 
annular space between the 11-inch 
and 15-inch pipe was then cemented. 
After the cement had set, a section of 
the 15-inch pipe was removed by air 
cutters and part of the cement was 
chipped away, exposing the 11-inch 
pipe. Similar operations exposed the 
9-inch pipe, care first being taken to 
center the 9-inch in the 11-inch by 
means of three stud bolts through the 
clamps on the 11-inch. Clamps were 
then placed on the 9-inch casing which 
was penetrated in a manner similar 
to that employed on the 15-inch and 
11-inch casing. 

After removing the drill, connections 
were made to the valve, and aluminum 
and wooden balls, of dimension suffi- 
cient to pass between the 4-inch and 
the 9-inch, but too large to pass 
between the tool joint and the 9-inch, 
were forced into the upward flowing 
stream for the purpose of forming a 
bridge between the drill pipe and 
casing. Asbestos, rope fibre, cotton- 
seed hulls, and mud were then injected. 
The bridge was formed successfully 
‘and the pressure at the connection 
raised from 15 to 1,000 pounds per 
square inch. This bridge, however, 
did not have the desired effect, as the 
fire showed no signs of diminishing; 
probably the greater part of the oil 
and gas flowed through the drill pipe. 
At this stage of the operations, the 
drill pipe was penetrated and bridged 
by means of a 234-inch aluminum ball, 
and then by the various other materials 
used to obtain the first bridge. The 
fire slackened momentarily but soon 
resumed its previous intensity, be- 
cause, during the placing of the bridge 
within the drill pipe, the first bridge 
had been cut away by the flowing 
stream or had been weakened by the 
heat. After all efforts to restore it 
failed, connections to the casing were 
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made in the tunnel, whereby approxi- 
mately 80 per cent of the oil and gas 
were diverted through three 3-inch 
lines. The lines were connected to a 
trap, which in turn was connected to 
the suction lines of two gas-com- 
pression stations. Thus the unique 
situation existed, wherein a well which 
was burning at its mouth was deliver- 
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passing through the partly depleted 
Meyer zone. One account of the 
Getty-Nordstrum fire states that the 
9-inch casing had been landed and 
cemented above the Meyer zone. From 
this statement it is apparent that there 
was probably 1,000 to 1,200 feet of 
open hole in the well, and that circu- 
lation of the mud fluid was lost 
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FIG. 2. THE SANTA FE SPRINGS FIRE 
Two recent fires in this territory caused a loss of over two million dollars 


ing about 4,000 barrels of oil and 
9 million cubic feet of gas daily. 

This diversion of oil at a_ point 
below the well head reduced the fire 
to such extent that the tangled mass 
of debris surrounding the mouth of 
the well could be removed entirely, and 
the fire was subdued by comparatively 
safe methods. 

The final operations consisted in 
constructing a steel bell with a 20-foot 
stack. A 12-inch valve was installed 
at the top of the stack, a 6-inch valve 
at the bottom for diverting the oil, 
and a 12-inch valve at the side. The 
bell was placed over the burning well 
by a steam shovel crane. Dirt was 
packed around the base by means of 
the steam shovel, hand shovels, and 
wheelbarrows, and finally the lower 
valve was opened. Most of the oil 
was diverted through pipe lines, con- 
nected to the side outlet and stored in 
remote tanks and pumps; the top valve 
was closed; and the small remain- 
ing blaze was extinguished easily by 
streams of steam, water and foam. 

To prevent similar fires in the 
future, careful analysis should be 
made of the cause of this fire. It has 
been stated that circulation of the 
mud fluid was lost in the well while 


because of the escape of part of the 

fluid into the formations of the Meyer 

zone. It would appear, therefore, that 
if the Meyer zone had been cased or 

at least completely mudded off and a 
full column of mud fluid maintained 
while drilling and particularly while 
the drill pipe was being withdrawn, 
the well probably would have remained 
under control. A further means of 
controlling high-pressure wells depends 
upon the use of blow-out preventers.* 
The various types and the use of 
blow-out preventers are familiar to 
almost all oil operators. Especially in 
drilling wells in undeveloped territory, 
these devices should be used in con- 
junction with casing and mud fluid. 

The credit for extinguishing a fire 
on the property of the Shaffer Oil and 
Refining Company, Cromwell Field, 
Okla.,j is due primarily to C. O. 
Rison, former drilling engineer of the 
United States Bureau of Mines and at 
present Production Superintendent, 

(Continued on page 114) 

*See Swigart, T. E., and Beecher, C. E., 
Manual for Oi] «nd Gas Operations, etc.; 
Bull. 232, Bureau of Mines, 1923, p. 66; and 
other bureau publications. 

T Rison, C. O., and Bunn, J. R., Petroleum 


Engineering in the Cromwell Oil Field; Bureau 
of Mines Field Report, Dec., 1924, pp. 25-29. 





Sound Moving Pictures 


The disc and film record systems of sound projection in modern theaters 


N theaters at which motion pic- 
tures accompanied by _ synchro- 
nized speech or music are pre- 
sented, the records come in two forms. 
Some are composition discs similar 
to ordinary phonograph records, while 
others are standard motion-picture 
film bearing at one side a track of 
alternate light and dark bands, of 
varying density. In _ either 
case, there must be apparatus 
synchronized with each pro- 
jector to derive from the rec- 
ords an electric current in 
which all the variations in 
pitch and loudness are accu- 
rately represented. There must 
in addition be apparatus to 
amplify the current, to effect 
its conversion into sound and 
so to direct the sound into the 
theater auditorium as to create 
the illusion that it emanates 
from, rather than merely ac- 
companies, the picture. When 
a theater is being prepared for 
presenting sound pictures, the 
film projectors in use are ordi- 
narily retained but each is 
fitted with a new motor and 
driving mechanism; it is pro- 
vided with a turntable and 
electric pick-up for disc rec- 
ords, and with analogous equip- 
ment for film records, or both. 
The pick-up used for disc rec- 
ords is in some ways similar to 
the reproducer of an ordinary 
acoustic phonograph, with a 
needle holder connected to a 
clamped diaphragm of highly 
tempered spring steel. To 
the diaphragm there is fas- 
tened an armature made of a 
special high-permeability al- 
loy, so arranged that as the dia- 
phragm and the armature vibrate, the 
flux in the air-gap of a permanent mag- 
net varies correspondingly ; in appropri- 
ately placed coils currents are induced 
which are the electric representation 
of the wave groove which moves past 
the needle. Although this instrument 
delivers energy at a comparatively low 
level, it has a very uniform response 
over a wide range of frequencies. That 
result has been secured largely by pre- 
venting distortion which would arise 
from resonance in any part of the sys- 
tem; the members have been designed 
with natural periods beyond the range 
of frequencies to be transmitted, and 
the magnet chamber back of the dia- 
phragm is filled with a heavy oil to 


*Reprinted with permission from the Bell 
Laboratories Record. 





The projecting mechanism is above. 


By Epwarp O. Scriven 710 
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damp free vibration. The films used 
with the dise records, called synchro- 
nized films, differ from ordinary films 
only in that one frame at the beginning 
of each is marked to give the starting 
point. 





ASSEMBLY OF APPARATUS 
On the lower left is shown the 
mechanism for disc records, while on the lower right is the apparatus 
for film records. 


TYPICAL 


With the optical or film records, 
the sounds are represented by parallel 
bands, alternately light and dark. In- 
tensity or loudness is represented by 
differences in density of the record, 
and pitch by the closeness of the 
bands. For reproduction from these, 
another apparatus group is required, 
and it too is connected to the pro- 
jector. A narrow light beam of high 
intensity passes through the film rec- 
ord and falls upon a_ photoelectric 
cell to produce a current correspond- 
ing to that from the original recording 
transmitter. There is fastened to the 
projector an “exciting” lamp and a 
system, of lenses for focusing its light 
upon an aperture 0.0015 inch by 3/16 
inch; by other lenses the image of the 
aperture is then brought to focus upon 
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the film record as a line 0.001 inch by 
0.080 inch. Since the track on the film 
is 0.100 inch wide, there is an allow- 
ance of 0.010 inch on each side for vari- 
ation in its position. The position and 
focus of the lens tube are fixed, but the 
exciting lamp is mounted on a movable 
carriage so that new lamps as installed 
may be brought properly into focus. 

A photoelectric cell is used, 
which, when polarized by a 
proper voltage, passes a cur- 
rent proportional, within lim- 
iting values, to the intensity 
of the light falling upon it. 
The polarizing voltage is sup- 
plied to the cell through such 
a high resistance that in opera- 
tion there is obtained from the 
cell a voltage across the resist- 
ance proportional to the inci- 
dent light. The voltage bears, 
therefore, at any time, an in- 
verse relation to the density of 
that part of the sound track 
then between the exciting 
lamp and the cell. 

The photoelectric cell cir- 
cuit is inherently one of high 
impedance. In such a circuit 
local interference — “static,” 
to use the radio expression — 
is readily picked up, and since 
the energy level is low, the 
current so acquired may be 
appreciable in comparison with 
the sound currents themselves. 
In addition the shunting effect 
of the capacity between the 
conductors is noticeable, parti- 
cularly at the higher frequen- 
cies. Hence a vacuum tube 
amplifier, which serves both 
to increase the energy and to 
make that energy available 
across a low impedance circuit, 
is closely associated with the cell upon 
the projector itself. Cell and amplifier 
are enclosed in a heavy metal box 
made fast to the frame of the pro- 
jector, and the frame is carefully 
grounded. As a further precaution, 
the amplifier is supported within the 
enclosing box by a rather elaborate 
flexible suspension, lest vibration of 
the vacuum tubes introduce noise com- 
ponents into the current. The ampli- 
fier brings up the energy level to about 
that obtained from the magnet coils 
of the reproducer for disc records. 

It is evident from the relative loca- 
tion of apparatus, shown in Figure 1, 
that it is not feasible to print the film 
with the pictures directly opposite 
corresponding parts of the sound rec- 
ord. Furthermore the pictures move 
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intermittently before the projection 
lens, while the sound record must, of 
course, move uniformly in front of the 
photoelectric cell. Picture and sound 
record are therefore separated longi- 
tudinally by 1414 inches, and a certain 
amount of slack is allowed between the 
sprocket carrying the film in front of 
the projection lens and that carrying 
it before the photoelectric cell. To 
prevent vibration of the projector or 
variations in the supply voltage or 
load from varying the speed of the 
latter sprocket, it is connected to the 
other moving parts of the system by a 
mechanical filter which absorbs any 
abrupt changes in speed. The driving 
motor is held electrically at the cor- 
rect speed, but at will the automatic 
control can be disconnected and the 
speed regulated manually by the 
operator. 

As with ordinary motion-pictures, 
two projectors must be used alter- 
nately to present a continuous pro- 
gram. At the end of a record, the 
music or speech coming from one ma- 
chine must be blended imperceptibly 
into that from the other just as the 
picture from one reel is faded into 
that from the next. At the end of 
each sound film or disc the music 
overlaps that at the beginning of the 
next; to make the transition there is 
a device called a fader, a double 
potentiometer. As the starting pro- 
jector goes into operation, the fader 
knob is turned and the current deliv- 
ered to the amplifiers is changed 
quickly until it comes entirely from the 
new record. Ordinarily the fader is 
installed with auxiliary dials and han- 
dles, so that the operator can control 
it from any position around the pro- 
jectors. In its lower range used in 
changing between projectors, the steps 
are rather large, whereas in the upper 
range the volume changes in scarcely 
perceptible steps. The fader thereby 
fills another use; it makes possible 
any volume of sound desired, within 
reasonable limits, by choice of the 


EXCITING LAMP 
PHOTOELE: 





NS 
OouBLE 
TURNTABLE 
41-a 42-A OUTPUT 
CONTROL 


L_ 
MONITOR 
HORN 





BABVBRVBVRBABBRBALALALLESEEREEEERSSESELLLEREREELER 


PLAN OF THEATER 


The above is a typical layout for the presentation of motion pictures 
with sound accompaniment 
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proper step in the upper 
range, and thereby per- 
mits equalizing the level 
of sound obtained from 
different records. There 
is provided as well a 
switch for changing from 


film to dise records, and LENS TUBE....... 
IT LAMP... 

the reverse, and a key earners. 
. STRIPPER--....... 


for connecting a spare 
projector in place of 
either of the regular 
machines. 

After passing through 
the fader, the sound cur- 


rents go to the main 
amplifier, where their 
energy is raised to a 


level adequate for the 
loud speakers of the par- 
ticular theater. This com- 
bination of apparatus is capable of 
multiplying the energy 100,000,000 
times, and is so designed that all fre- 
quencies in the range from 40 to 10,000 
cycles are amplified about equally. A 
potentiometer is provided on the ampli- 
fier but after it has once been adjusted 
at the time of installation it is ordi- 
narily not changed; necessary adjust- 
ments in energy level are made on the 
fader instead. The amplifier* is built 
in three units, of which the first con- 
sists of three low-power tubes con- 
nected in tandem, resistance coupled, 
with the filaments heated by a twelve- 
volt battery. In the second unit there 
are two medium-power tubes with a 
push-pull connection, whose filaments 
are heated by low-voltage alternating 
current. Two similar tubes in this 
unit act as a full wave rectifier, and 
supply rectified alternating current for 
the plate circuits of the amplifier tubes 
in the first and second units. The third 
unit has a single stage of high-power 
push-pull amplifier tubes and push-pull 
rectifier tubes; like the second, it 
operates entirely on alternating cur- 
rent. The three units can be arranged 
to meet any conditions. In small 
theaters only the first two are required, 
and in larger houses 
the high-power 
unit, the third, is 
used as well. For 
unusual conditions 
two or more of the 
high-power _ units 
To may be operated 

mmansvox| UrPen in parallel from the 
SCREENS A all output of the sec- 
cuToy ond unit to give a 
greater volume of 
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The arrangement for reproducing sound films is clearly shown 


an autotransformer having a large 
number of taps which are multipled 
to a number of dial switches. To 
the switches are connected the loud- 
speaking receivers, so that the impe- 
dance of the amplifier output can be 
matched to the desired number of 
horns. Thereby there is secured the 
most efficient use of the power avail- 
able, and adjustment of the relative 
volumes of the individual horns is 
made possible at any time. 

A theater installation ordinarily 
contains four horns. They are mounted 
behind a transvocent screen, on which 
the pictures are shown, so that the 
sound may seem to come directly from 
the picture. Two horns are mounted 
at the line of the stage and pointed 
upward toward the balconies and two 
are mounted at the upper edge of the 
screen, or above it, and directed down- 
ward. 

One or more receivers are used with 
each of the horns. Since these show 
extremely high efficiency, converting 
into sound energy thirty per cent of the 
electrical energy supplied them, they 
reduce to a minimum the output re- 
quired from the amplifier. A horn is 
ordinarily fitted with one receiver, but 
for outdoor use or other special re- 
quirements it may be fitted with two, 
four or nine by a throat. The maxi- 
mum electrical input to a horn for con- 
tinuous safe operation is approximately 
five watts per receiver. To disperse the 
soundwaves over a large angle, more 
horns are needed than for a compar- 
atively small angle. This directive 
characteristic of the horns is important, 
since it is responsible for the illusion 
that the sound comes directly from the 
mouth of the horn, that is, from the 
screen. When the horn is replaced by 
a loud speaker of otherwise identical 
characteristics which radiates its sound 
over a very wide angle, the sound 
seems to come from a point some dis- 
tance behind the screen, so that the 

(Continued on page 114) 





Beyond the Classroom 





The rich opporcunities for self-development in Institute undergraduate life 


CCORDING to a noted philoso- 
A pher the most famous of all of 
our institutions of learning still 
happens to be the grand old school of 
life with experience taking the role of 
teacher. 

At Technology the development of 
student life outside of the classroom 
offers to the undergraduate a most 
attractive school of experience raised 
to the same unsurpassed standard as 
is enjoyed by the purely educational 
methods of the school of which it is 


part. 

Rather than being deprived of nor- 
mal life during four of the most forma- 
tive years of his growth, as is the case 
with too many undergraduates at our 
schools of higher education, every stu- 
dent at M. I. T. is offered the richest 
life available through some phase of 
the multitudinous undergraduate activ- 
ities of Technology. 

Responsibility is, without a doubt, 
the gauge which measures the value of 
experience and it is in this respect that 
the Technology undergraduate is given 
the golden opportunity declined to so 
many of his brother students. In the 
activities of the Institute the under- 
graduate learns and enjoys the same 
responsibility for his actions as will be 
his by necessity the moment he re- 
ceives his degree. Failure or success 
in his ventures pays the same profitable 
dividends and in neither case is it pos- 
sible for losses to occur—truly a 
Utopian condition. 

This idea of responsibility has per- 
meated all of the many student activ- 
ities which M. I. T. offers the incoming 
student. Probably in no way can this 
be better demonstrated than in the 
matter of finances. The expenditure of 
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By Lawrence C. Hamuin ’29 


nearly a million dollars annually is 
entirely in the hands of the under- 
graduate managers of the activities, 
athletic teams, fraternities and other 
similar student organizations. 

The singularity of M. I. T. in this 
respect may be shown by the fact that 
Willard J. Slagle ’29 in his recent tour 
of American colleges for the purpose of 





raising funds for the 1928 Olympic team 
discovered that Technology was practi- 
cally alone in the matter of entire stu- 
dent control over athletic expenditures. 

Similarly faculty and alumni super- 
vision of the policies and expenditures 
of the publications, musical and dra- 
matic organizations, fraternities and 
other student groups has been con- 
spicuous by its absence. 

The growth of Technology’s student 
enterprises to a standard comparable 
to that of any college in the United 
States and the meteoric rise in the 
worlds of engineering and business of 
those alumni who participated in this 
growth is a mighty tribute to these 
activities and to the system under 
which they have operated. 

Athletics at M. I. T. occupy a unique 
position in the world of sports. Offered 
in an extremely wide variety with effi- 
cient coaches for each they are gov- 
erned by that most rare principle in 
collegiate realms, enjoyment and de- 
velopment of the student participant. 

Approximately thirty official Insti- 
tute athletic teams representing fifteen 
most dissimilar sports invade the sphere 
of intercollegiate athletic competition 
during each college year. 
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Under the nomenclature of official 
Institute sports may be found crew, 
track, basket ball, swimming, hockey, 
boxing, gym, wrestling, fencing, polo, 
tennis, golf, cross-country, soccer and 
rifle. 

With the mighty god, Champion- 
ship, occupying a most obscure position 
in the background, the fact that many 
championship teams and individualists 
wearing the Cardinal and the Gray 
have resulted from this singular gov- 
erning policy may again be taken as a 
tribute to Technology uniqueness. 

The renown of Technology’s athletes 
and teams is by no means limited to a 
few sports. The Institute crews have 
successfully competed with the most 
prominent schools of the country for 
many years. Navy, Princeton, Yale, 
Harvard and the University of Penn- 
sylvania have each rowed in the wake 
caused by Cardinal tipped oars within 
the last three years. At the other end 
of the list, however, is the rifle team 
which has just won its second New 
England championship in as many 
years. 

Midway in the list is the gym team 
which only a few weeks ago tied Navy 
for first place in the Eastern inter- 
collegiate meet of that sport. In the 
season just completed the basket ball 
team finished its schedule with only 
two losses registered against them. 

On the cinder paths, under the tute- 
lage of “Os” Hedlund, former world’s 
champion middle distance runner and 
perpetual world’s champion friend to 
the fellows of the track house, many 
luminaries have sprung into the spot- 
light of fame. “Hank” Steinbrenner 


°27, one of the best hurdlers of recent 
(Continued on page 112) 














OPEN HOUSE 


By far the largest of all Technology 
functions, the Open House program on 
April 27 will probably receive a record 
attendance well in excess of the twenty 
thousand visitors last year. Started a 
few years ago by the Combined Pro- 
fessional Societies as an undergraduate 
activity, the magnitude of the project 
has grown by leaps and bounds, until 
today students, faculty and members 
of the administration join in the plans 
to make the affair a success. 

Almost everyone has an idea, of one 
sort or another, as to the equipment 
and type of work carried on here at 
Technology, but few are the people 
whose mental pictures of the Institute 
and its workings are at all correct. On 
Open House Day, the general public is 
given an opportunity to see the Insti- 
tute as it really is, with the laboratories 
open and the students and staff at their 
work; to roam through the buildings, 
stopping at various places which hap- 
pen to catch their interest, learning 
new things about science and its engi- 
neering applications. 

_ The nature of our guests on this day 
is as varied as their numbers are great. 
There are parents in search of a school 
for their sons, persons well acquainted 
with technical life who are interested 
in the latest developments, youths 
acquiring the foundations of their 
knowledge in science while still in pre- 
paratory school, curiosity seekers in 
search of the spectacular and the new 
—all are found in the corridors on 
Open House Day, and each carries 
away with him a clearer picture of the 
spirit and method of Technology. 

_ Tue Tecu EnGIneerinc News con- 
siders it a privilege to be able to co- 
operate with the Open House program. 
In addition to our regular material for 
this month, we are publishing articles 
on the relation of the engineering pro- 
fessions to the courses at M. I. T., and 
on the various features of our under- 
graduate life. To those who attend 
the Open House Day, these articles 
should provide valuable supplemen- 
tary information; to those who are 
unable to visit the Institute, they 
should serve to create a better under- 
standing of M. I. T. 

EINSTEIN 

Why is it that Einstein is so incom- 
prehensible to the average man? The 
difficulty is, that Einstein uses the 
language of mathematics; few men 
have the command of it that Einstein 
possesses. Unfortunately there is no 


language which everyone understands 
into which his mathematical theories 
can be translated. The only way an 
extensive knowledge of them can be 





Editorials 


PROFESSOR EDWARD FURBER MILLER 


Few members of the faculty are better known, both to the Insti- 
tute body and to the world at large, than Prof. Edward Furber 
Miller, the subject of the second of Tue Tecn ENGtngERING NEws’ 
series of faculty sketches. The story of Professor Miller's career is 
one closely allied with the growth of Technology, for he has been 
connected with M. I. T. for a period extending over forty-three years. 

The early part of his education was received in the public schools 
of Cambridge, and, on completing his preliminary training with them, 
he entered the Institute as a member of the Class of 1886. Following 
his graduation he returned to Technology as a member of the staff 
of the Department of Mechanical Engineering, in which he became 
an instructor in 1388. Four years later he was promoted to be Assistant Professor of Steam 
Engineering. In 1899 he became an Associate Professor, and in 1905 he received the title of 
Professor of Stearn Engineering. On the retirement of Prof. Gaetano Lanza, who was made 
Professor Emeritus, Professor Miller was made Head of the Mechanical Engineering Depart- 
ment. In 1921 he was given the honorary degree of Doctor of Science by the Rhode Island 
State College. 

Professor Miller has always played an important part in the growth of his department. 
From time to time, when additions in equipment and machinery have been made, he has 
personally supervised the installation of the new apparatus. When the Institute erected the 
new buildings and moved from the Boylston Street site, he was in charge of the plans made 
for all the laboratories and drafting rooms of the Department of Mechanical Engineering. 

During the war he had an enviable record. Besides carrying on his regular courses, he 
had charge of the establishment and direction of eight schools, operating at one time, located 
in different parts of the country, which gave to over six thousand men the nécessary funda- 
mental training to enable them to serve as engineer officers in the Shipping Board fleet. He 
also carried on a number of confidential experiments for the United States Army along mili- 
tary lines. Following the World War he was commissioned a Colonel in the Ordnance Reserves. 

In 1920, following the death of President Maclaurin, he was appointed as one of the 
faculty members to serve on the Administrative Committee of the Institute to take charge 
of affairs until a new president was chosen. In 1921 he was elected to the position of Chair- 
man of the Facult:y and was appointed by the Corporation as Dean of Army Officers at M. I. T. 

Active in many of the professional societies, Professor Miller is a member of the Ameri- 
can Society of Mechanical Engineers, the American Society of Civil Engineers and the Ameri- 
can Society of Refrigerating Engineers, and has held many important positions on com- 
mittees of these societies. He is a former president of the Boston Post of the Army Ordnance 
Association and was the first president of the M. I. T. Chapter of the Reserve Officers’ 
Association. 

Not only in the theoretical side of his subject, but also in the practical end, Professor 
Miller is a master. Since 1897 he has held a first-class unlimited stationary engineer’s license 
in the State of Massachusetts. He is a life member of the Massachusetts Charitable Mechanics 
Association and an honorary member of the National Association of Stationary Engineers. 
He has also served in various capacities on boards and commissions appointed by the state 








for investigation and regulation of engineering matters. 
Famous for his rich personality, he has earned the admiration and respect of the student 
body, as evidenced by his elections to Tau Beta Pi, Theta Tau and Phi Sigma Kappa fra- 


ternities. 


gained is to acquire the necessary 
mathematical knowledge. They must 
therefore remain unknown to the great 
majority who have not specialized in 
mathematics. 

It is, therefore, not because of the 
principles underlying Einstein’s the- 
ories that they are incomprehensible, 
for there is nothing difficult to grasp 
about them. Indeed, physicists are 
coming to regard them as truisms, and 
to wonder why it was necessary for 
Einstein to have to remind them of 
these things. Probably one of his most 
important contributions to physics in 
general is the alteration he is effecting 
in the way in which the results of ex- 
perimentation are regarded. He is 
eradicating the belief in assumptions 
unproved experimentally. Formerly, 
if the results of an experiment seemed 
to indicate that within the range of the 
experiment certain relations held, they 
were assumed to hold, for conditions 
not duplicated in the experiment. For 
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example, the relation “fdérce= mass X 
acceleration” was arrived at through 
experiment with masses and velocities 
met in everyday human experience. 
When this relation was applied to the 
study of the atom, it was found that 
numerous discrepancies existed. Phy- 
sicists were in a quandary, until Ein- 
stein suggested that the relation did 
not hold for very small masses and very 
high velocities. He went further to 
show the precise relations that did 
exist instead of the generally accepted 
ones. 

In short, unless every assumption 
that is made has experimental backing, 
it has no practical use. It may help one 
to understand natural phenomena, but 
there is as much chance that it will 
lead him , astray. One prominent 
scientist naively suggests that this 
principle be applied to all human af- 
fairs. He reflects happily on the time 
when no one will say anything he can- 
not definitely prove. 








Abstracts from 


Transportation of Pre-Mixed 
Concrete on a specially developed 
truck results in actual improvement 
in the workability of the concrete. 
The lower water-cement ratio thus 
attainable insures a maximum strength 
for the mix. 

The body of the truck is a cylinder 
which is set crossways of the chassis, 
and is rotated by means of a chain 
driven by a worm speed-reducing gear. 
The maximum load of two cubic yards 
does not fill the body; the space left 
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plosions of the liberated gases, break- 
ing the metal up into tiny pea-sized 
globules with great speed and great 
uniformity. When the excess slag is 
poured off, a spongy ball remains, 
weighing about 2,200 pounds, and is 
then passed through the blooming mill 
and cut to the desired shape. 

In comparison with the old process 
of manufacturing wrought iron, which 
consisted of melting the pig iron, 
refining it, and impregnating it with 
a slag of correct chemical proportions 


TRUCK FOR CARRYING PRE-MIXED CONCRETE 


permits the mix to be agitated, pre- 
venting its revolving as a solid mass. 

Among several advantages claimed 
for the truck are: a perfect balance, 
as the load is always on the center of 
the chassis; quick charging and dis- 
charging, reducing handling costs 50 
per cent; the concrete may be spouted 
seven feet behind the truck on road 
work. 


Wrought Iron is now being manu- 
factured by a so-called “Byers New 
Process,” which promises to be one 
of the greatest developments in the 
ferrous industry since the Bessemer 
converter. 

In this process, pig iron, known as 
Bessemer and having an analysis of 
1.5 per cent silicon, 1.0 per cent man- 
ganese, 0.05 per cent sulphur, and 
0.1 per cent phosphorous, is melted 
in a cupola. When the metal is 
liquid, it is tapped into two-ton ladles 
and treated to reduce the sulphur, 
and then poured into converters for 
refining. The next step is to pour 


the liquid iron into a bath of slag, 
which results in millions of tiny ex- 





all in one furnace, the Byers New 
Process can, in twenty minutes, pro- 
duce as much fine wrought iron as 
two puddlers working with the old 
process can preduce in a ten-hour day. 


A New Water-Cooled Electrode 
Holder for carbon-arc welding has 
been designed to insure greater com- 
fort for the operator. 

The holder, which weighs only 314 
pounds, consists of a coiled copper tube 
through which the water circulates 
and in which the carbon electrode is 
inserted. The water hose is used to 
carry the cables, thus cooling them 
and making smaller size cable possible. 

It is said that this new holder effects 
a considerable economy in that carbons 
of smaller size may be used and it is 
possible to weld with the arc tip only 
three inches from the carbon holder. 


Welding Service Connections to 
high pressure gas mains is now stand- 
ard practice with a large gas company. 
Into the side of an ordinary sleeve 
coupling is drilled a 44-inch hole. Over 
this hole is welded the end of the 
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service pipe, forming, in effect, a T 
coupling with a length of pipe attached. 
One end of the coupling is then welded 
to the main, into which a 14-inch hole 
is punched or drilled inside the sleeve. 
A plug is quickly screwed into the 
other end, and the connection is 
finished. The method was adopted 
because it is cheap and quick, and 
makes a trouble-proof connection. 


A ‘Kite Cutter’’ is now being used 

to clear power lines of kites, papers, 
and other things blown across them 
by the wind. 

This device consists of a pair of 
shears mounted on a trolley truck 
and operated by means of a rope. 
As the cutter moves along the wire, 
entangled objects are cut away by 
the shears. Besides making the line- 
man’s job safer and easier, this 
device makes it unnecessary to 
“kill the line” when obstructions are 
removed. 


A Conveyor Belt which is made 
in two parts is much more eco- 
nomical than the usual single belt. 
Underneath, against the driving- 
pulleys and taking all the tension, 
is a rubberized belt having in it a 
number of plies of heavy duck. On 
top is another belt having only one 
or two plies of duck and having over 
the top layer a thick covering of 
rubber to take all the wear and 

abrasion of the materials carried. 
This kind of duplex belt saves about 
35 per cent of the cost of maintenance. 





A ‘Universal’? Blowtorch with 
two unusual features has recently been 
put on the market. The one-gallon 
size has a fuel injection pump which 
makes re-fueling possible without loss 
of pressure. This feature enables the 
workman to heat an object for a long 
time without the annoyance of having 
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UNIVERSAL BLOWTORCH 


to shut down to refill the pot just as 
the object has become almost hot 
enough to work with. 

The more unusual feature is found 
in all sizes. The nozzle of the torch 
is connected by a swivel so that with- 
out tipping the torch at all the flame 
may be turned directly on the object. 
This improvement makes quicker heat- 
ing and hotter temperatures possible 
and eliminates the risk of fire caused 
by improvised methods of holding the 
whole torch in an unstable position. 


‘**Permissible Explosive’’ of a new 
type increases lump coal production. 
In order to be safe in coal mines an 
explosive must be of the quick burning 
type, since there may always be 
present the dreaded ‘“‘fire-damp,” an 
inflammable gas which, though it will 
ignite at a fairly low temperature, must 
have the heat applied to it for an 
appreciable time before this ignition 
takes place. Dynamite, or nitro-gly- 
cerine in other forms, has always been 
the only approved explosive because 
of its high rate of detonation; but its 
high energy concen- 
tration shatters most 
of the coal and not 
enough “lump” is 
left to supply the 
market. 

Such expedients as 
air spacing and in- 
clusion of diotoma- 
ceous silica in the 
dope have been tried 
but were not very 
successful. In later 
years active materi- 
als or “dopes” such 
as sawdust and corn- 
meal have been used 
as substances in 
which to absorb the 
nitro-glycerine, and 
the disadvantage in 
coal mining was made even greater. 
But in the past three years, manu- 
facturers have attacked the problem 
by using extremely light dopes such 
as ground-up balsa, ground oat hulls, 
and ground pop-corn. Now dyna- 
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mites can be obtained which are only 
five-ninths as concentrated as those 
used some twenty years ago, and the 
proportion of lump coal has increased 
accordingly. 


A Radio Equipped Airplane has 
recently been designed by the Bureau 
of Standards for use in study of the 
operation of the radio beacon system 
and other uses of radio under con- 
ditions of flight. This airplane is 
equipped with complete transmitting 
and receiving set installed in front of 
the observer’s seat, in order that the 
operators may work the set and, at 
the same time, be completely informed 
as to the operation of the airplane 
without disturbing the pilot. 

To insure satisfactory operation of 
the radio equipment all parts of the 
airplane were grounded. and the engine 
ignition system completely shielded so 
that even a very sensitive receiving 
set might be operated at full sensitivity 
without interference from the engine 
ignition. Power for the transmitting 
set is obtained from a generator driven 
by the airplane engine. 


Segmented Abrasive Wheels are 
the solution to a problem which con- 
fronted manufacturers for years. 

Hitherto, makers of artificial grind- 
ing wheels have been unable to make 
satisfactorily wheels of 60 to 70 inches 
in diameter and 12 to 14 inches in 
width, the size which is most in de- 
mand for shaping tools, small castings, 
and small forgings. Now these wheels, 
and others even larger, are made by 
mounting the wheel in segments on a 
cast iron center. In the same way, 


._pulpstones of 54 inches to 67 inches in 


diameter and 27 inches to 54 inches in 
width have been made and have proved 





SEGMENTED PULPSTONES 


successful. These stones are used for 
grinding wood into pulp for paper, 
and are subjected to extremely hard 
usage, yet the segmented stones are 
standing up well and are supplanting 
the natural stones used heretofore. 





101 


A Portable Sump Pump powered 
by an outboard motor having auto- 
matic shut-off and self-priming fea- 
tures is now being manufactured by a 
well-known concern. 

The pump, weighing only 85 pounds, 
is capable of pumping 195 g.p.m. at 
an approximate cost of 1 cent per 
1,000 gallons. No oiling is necessary 
because the motor and graphite-bronze 
bearings are lubricated by the gasoline- 
oil mixture which is used as fuel. 


A New Method of Airport Light- 
ing has been invented by Lieut. J. S. 
Donaldson. Lights 8 inches in diameter 
with very high visibility are embedded 
in the ground and form a large ““T”’ 
1,000 feet long. They are synchronized 
with the weather vane and show di- 
rection of existing wind, location of 
runway, and length of lighted runway. 
The entire system is turned on at dusk 
and off at dawn by an electric time 
clock, or it can be controlled manually 
in case of emergency. 

The use of this automatic control 
reduces personnel expense at auxiliary 
landing fields along the established air 
lines and, at the same time, provides 
adequate illumination at times when 
it is needed. 


A Metal Shell, which by a new 
process may be used as a uniform 
coating of any desired thickness for 
any substance, has just been perfected 
in England. 

All kinds of materials of any size or 
shape, both conductors and non-con- 
ductors of electricity, can‘be metallized 
by this new electro-chemical action. 
The materials are thus rendered damp- 
proof and fireproof, with greatly in- 
creased strength, and 
can be rendered non- 
corrosive and decor- 
ative, making them 
useful in both the 
exterior and interior 
building trades. Ob- 
jects such as wood, 
plaster, linen, etc., 
can be rendered im- 
mune to the actions 
of steam, fumes, 
chemicals, or the ele- 
ments. It is there- 
fore predicted that 
great use will soon be 
made of this metal 
shell plating process 
in the manufacturing 
of household articles. 
Since great strength 
and perfect resistance to water corro- 
sion can bé obtained, there is no doubt 
that this electrochemical process will 
in the future be adapted also to the 
manufacture of air and seaplane acces- 
sories. 





DEPARTMENT OF 
ELECTRICAL ENGINEERING 


Graduate Research Laboratory 


First known as the Research Divi- 
sion, the Graduate Research Labora- 
tory of the Department of Electrical 
Engineering came into existence about 
1912. Some of its early work was of a 
special nature for outside concerns 
which supplied the supporting funds, 
and comprised investigations of such 
subjects as the relative economic fields 
of electric, horse, and gasoline trucks; 
the methods of handling miscellaneous 
freight at Boston freight terminals; the 
effect of length of passenger ride upon 
the net return on the investment in a 
street railway property; and the factors 
affecting the delivery service of a large 
New York department store. At the 
same time, definite long-time programs 
of research, like the well-known inves- 
tigation of “skin effect” in electrical 
conductors, were entered upon. 

About 1915 the American Telephone 
and Telegraph Company contributed 
funds for the support of more general 
research associated with the instruction 
of advanced students. For a number 
of years much of the activity was in 
studies of certain features of electrical 
communication, but the previously 
started programs were continued. 

When Technology fortunately be- 
“ame the possessor of more adequate 
endowment funds, money became avail- 
able from this source for the support 
of the laboratory, and it started its 
third phase of development with still 
more general programs of research. 

During the past five years research 
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Departmental Notes 


activity in the department has in- 
creased immensely and there have been 
a number of major enterprises such as 
the Round Hill Radio Research, the 
Boston Edison Communication Re- 
search, the National Research Council 
Illumination Research, and the N. E. 
L. A. Cable Research, carried on quite 
independently of the Graduate Lab- 
oratory. 

The laboratory is under the control 
of a department committee on re- 
search, consisting of Professors Jack- 
son, Laws and Bush, but is more im- 
mediately under the direction of the 
latter. Every member of the staff, 
however, is considered associated with 
the laboratory in at least an advisory 
vapacity. 

Each year there are three or four 
research assistants given appointments 
for work in this laboratory. Each is 
made responsible for at least one major 
project, which he carries on as directed 
research; in addition he assists in the 
supervision of theses related to this 
major project, or which fall within his 
individual interest. This brings each 
assistant in contact with a variety of 
problems, and broadens his research 
experience in general. These appoint- 
ments are valued highly, and the de- 
partment has always had a high class 
of applicants from which to make its 
selections. 

All graduate thesis work is centered 
in this laboratory organization, as also 
is some of the senior thesis work. The 
personnel of the laboratory divides its 
attention between the supervision of 
this thesis work and projects of a com- 
prehensive nature, such as are de- 





MACHINE TRANSIENTS LABORATORY 


An unusual feature is the nine-element power oscillograph located on the table at the left 
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scribed below. Every effort is made to 
give the advanced students training in 
the technique of research, to stimulate 
their curiosity, and to introduce them 
into an atmosphere of investigational 
activity. They are provided as far as 
possible with student offices within the 
research rooms, and encouraged to 
make the laboratory their headquar- 
ters during their graduate year. 

While emphasis is laid upon the 
training given the students, it is not 
meant to minimize the importance 
attached to the research output itself. 
With the earnestness of purpose which 
goes with this training, with proper 
activity along concentrated lines, and 
the provision of adequate equipment, 
this aspect cares for itself. Publica- 
tions and papers before national so- 
cieties have followed regularly. These 
are results directly apparent; but indi- 
rectly there occurs the stimulating 
effect of thesis work, personal investi- 
gation, the continual injection into the 
horizon of new and vital problems the 
discussion of which unconsciously finds 
its way into the classroom, and the 
development of exceptional laboratory 
facilities. A number of cases could be 
cited in which the research problem or 
apparatus of yesterday has become sub- 
jugated and is one of our laboratory 
class exercises or exceptional facilities 
of today. 

There are at least four major proj- 
ects under way in the Graduate Lab- 
oratory at the present time. They are 
the development of the Integraph, the 
Machinery Transients Laboratory, the 
Alternating-Current Calculating Table, 
and the study of that ubiquitous prob- 
lem of electrical engineering — insula- 
tion breakdown. It will be possible to 
touch upon only three of these, and 
then but briefly, but anyone interested 
further is cordially encouraged to visit 
the laboratory. 

The Integraph has been widely 
heralded as a Robot throughout the 
press of the world. With the reader’s 
indulgence in continuing this allegory, 
it may be said there have been two 
generations of this mechanical family, 
and a third one is now in-the making. 
The principles of evolution have been 
in full play — and apparently those of 
eugenics also — for the lineage has been 
a rising and glorious one. 

The problem of traveling waves on 
transmission lines had been under in- 
vestigation in the laboratory for some 
ten years, but about 1925 progress had 
come to a pass where it could be im- 
mensely accelerated if there were 
available a machine for performing 
graphically the continuous integration 

(Continued on page 120) 
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Recent Books 





This department conducted in co-operation with the faculty 


The Radio Manual. By GrorcEe 
E. Sterutinc. D. Van Nostrand Co., 
Inc., New York City. 666-+-vit pages. 
Price $6.00. 

Mr. Sterling’s position as radio in- 
spector and examining officer makes 
him particularly well-fitted to write a 
book of this type. There is real justifi- 
cation for this latest addition to books 
on the Radio Act, and it answers a need 
long felt by commercial and amateur 
operators. The treatment of the sub- 
ject is a little unusual for books os- 
tensibly for men without a profound 
knowledge of alternating current the- 
ory, and the material is covered so 
rapidly that difficulty is likely to be 
had in thoroughly understanding it. 
Contrasted with the brief treatment of 
alternating current theory is the very 
detailed and clear explanation of the 
electron theory. Seeming inconsist- 
encies of this type probably arise from 
the author’s attempt to combine a 
textbook with a manual for the com- 
mercial operator. 

The most noteworthy material in the 
book is that on short wave theory and 
practice. Much of the material has 
never before been printed in book form 
and a large part of it has been drawn 
from Q. S. T., the publication of the 
American Radio Relay League. The 
book also contains detailed data on the 
latest commercial marine installations. 

The first seven chapters discuss ele- 
mentary electricity and magnetism, 
and the theory of the various units of a 
radio installation. This section in- 
cludes the theory of vacuum tubes, 
wavemeters, piezo-electric oscillators, 
and wave traps. Chapter five gives 
the theory of crystal control, self- 
rectification, continuous waves, and 
interrupted continuous waves applied 
to the Hartley, Collpitts and Meissnec 
circuits. With this as a background, 
the author devotes five chapters to a 
discussion of complete transmitters and 
receivers, including the most com- 
monly used of the marine installations. 
Chapter thirteen contains much new 
information on marine and _ aircraft 
radio beacon and direction finders. 
Chapter fourteen gives an account of 
the development of amateur short wave 
apparatus. Chapters fifteen and six- 
teen contain the radio laws and ma- 

terial on handling and abstracting 
traffic. The book includes three ap- 
pendices which contain the United 
States Navy station schedules, data on 
automatic alarm apparatus, and a kilo- 
cycle-meter conversion table. 

The book is well worth reading. It 
treats almost every phase of radio of 


present-day interest in a straightfor- 
ward manner which enables much ma- 
terial to be covered in relatively few 
words. It is of course a manual and 
cannot cover all the phases of radio in 
detail. However, the treatment is such 
that it can easily be supplemented with 
reference books should the reader de- 
sire to make a deeper study of any 
particular subject. 
J. N. Fricker 


Elements of Practical Mechan- 
ics. By Cares R. MacInngs, Pu.D. 
D. Van Nostrand Co., Inc., New York 
City, 1929. 131 pages. Price $2.25. 

In preparing this book on mechanics 
for engineering students, Professor 
MacInnes has departed from the tra- 
ditional method of developing the sub- 
ject in two respects. He has treated it 
by illustrative and illuminating ex- 
amples rather than in the abstract. 
The elimination of theoretical proofs 
greatly simplifies and condenses the 
subject matter, allowing more ground 
to be covered by the student in a 
shorter time. Nothing has been omitted, 
however, that would be of any value 
to an engineer. This is a welcome in- 
novation and should greatly clarify the 
subject for beginners. His second in- 
novation is the stress laid upon graph- 
ical solutions as well as analytical work, 
a point in which some of the best books 
on the subject are lacking. 

For one who has confined himself to 
131 pages, Professor MacInnes at- 
tempts to cover a tremendous field. 
Coplanor and Non-coplanor Forces, 
Center of Gravity, Rectilinear and 
Curvilinear Motion, Work, Energy, 
Power, Moments of Inertia, both of 
area and mass, Impact, Momentum, 
and Motion of Rigid Bodies are his 
chapter headings. The treatment is 
necessarily sketchy, but the author 
covers the fundamental principles in a 
clear and concise manner. 

Considerable class work would be 
necessary to supplement the text if the 
proper results are to be obtained, but 
for students supposed to possess but a 
slight knowledge of the calculus there 
is seldom a text found that puts the 
fundamentals across in such an under- 
standable and human way. The stu- 
dent should instantly grasp the prac- 
tical side of the problem, and it must 
be confessed that the abstract side is 
seldom retained by any but advanced 
students. In one or two instances the 
author touches on advanced topics 
such as the gyroscope which are clearly 
outside the scope of the book. The 
author has included an excellent set of 
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problems and answers of a nature to 
bring out the underlying principles in 
a clearcut manner. 

C. F. E. 


Handbook of Refrigerating En- 
gineering. By W. R. Woorricsu, 
M.E., Professor of Mechanical Engi- 
neering, University of Tennessee, Mem- 
ber A. S. M. E., A. S. R. E., Honorary 
member N. A. P. R. E. Published by 
D. Van Nostrand Company, Inc., New 
York. 319 pages. Price $4.00. 

There is need today for a good com- 
bination textbook and handbook on 
refrigeration, a book from which the 
student can learn fundamentals and 
theory and to which he can turn later 
for specific construction and operation 
practice. 

Professor Woolrich’s book is appar- 
ently an attempt to fill this need, but 
it falls short in three particulars. Of 
319 pages less than 200 are devoted to 
printed matter. In these pages the 
subject of refrigeration is covered very 
completely, hence vagueness and repe- 
tition are prevalent, overemphasis and 
underemphasis occur in a number of 
places, and, due to poor organization 
of material, terms are used which are 
explained only in some other portion 
of the book. These faults are impor- 
tant both to the engineer, who wants, 
in addition to theory, details which 
can be found quickly, and to the stu- 
dent, who must have his information 
well organized with proper emphasis 
on each part. 

The sections on condensers, compres- 
sors, and refrigerating systems are well 
written and contain much valuable in- 
formation, as do those on refrigerants; 
but in the latter case the tables in- 
cluded are in too small print to be 
easily read, and the charts reproduced 
are so small as to make accuracy im- 
possible. Each section is fittingly 
closed with a brief summary, a few 
simple problems, and a few questions. 
The last section of the book contains a 
large number of tables, some of which 
are wholly pertinent and others of 
which seem to have no excuse for their 
inclusion in a handbook of refrigerat- 

ing engineering. Among the latter are: 
“Melting Point of Firebrick,” “Safe 
Bearing Loads of Soils and Rocks,” 
and “Recommended Distances from 
Boilers to Grates for Burning Bitumi- 
nous Coal.” 

The price of the book seems, on the 
whole, rather high for the grade of 
paper and binding, and for the caliber 


of material. 
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placing methods of production and 
utilization upon a firmer scientific basis. 

Funds for this program have been 
made available by John D. Rocke- 
feller and the Universal Oil Products 
Company, each contributing $50,000 
a year for five years, beginning July 1, 
1926, representing a total of half a 
million dollars. During the present 
college year, the Institute is support- 
ing, through use of these funds, thirty 
research projects, covering problems in 
chemistry, physics and geology, dis- 
tributed among seventeen universities 
and governmental Jaboratories. Dr. 
H. S. Davis, of the Massachusetts In- 
stitute of Technology, is in charge of 
one of these projects entitled “A Study 
of the Relative Rates of Reaction of 
the Olefins.”’ 

The projects pertain to many differ- 
ent phases of the petroleum industry. 
Some of them deal with the origin of 
oil and with the fundamentals of oil 
discovery and recovery. Others have 
for their object the study of crude 
petroleum to determine what sub- 
stances are present, what the physical 
and chemical properties of these sub- 
stances are and how they react toward 
other substances. 

Of course, much is already known 
about these subjects. The industry 
could not have grown to its present 
size without the accumulation of a 
large amount of information; but, rela- 
tively, littke more than a beginning 
has been made. 

Take, for instance, the refining divi- 
sion. This includes the separation of 
the crude petroleum into various cuts 
or fractions and subsequent treatment 
to make the finished commercial prod- 
ucts, such as gasoline, kerosene, lubri- 
cating oil, paraffin wax and grease. At 
present, no one knows just what sub- 
stances are present in the crude petro- 
leum used as a raw material or in the 
various products. 

Or consider the problem of bringing 
the crude petroleum to the surface of 
the ground. Holes are drilled to porous 
underground “rocks”’ or “‘sands,”’ satu- 
rated with oil, and the oil is brought 
to the surface by various means. But 
this business is carried on under the 
handicap of incomplete knowledge as 
to how the oil originated, how it found 
its way to these underground reser- 
voirs and how it can most effectively 
and efficiently be brought to the surface. 

Additions to the sum of our know!l- 
edge of the fundamental facts about 
petroleum, which may result from the 
research, cannot fail to be of great 
assistance in placing present-day meth- 
ods upon a firmer scientific foundation 
and in paving the way for future 
developments. 
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The Institute has for several years 
coéperated with the National Auto- 
mobile Chamber of Commerce, the 
Society of Automotive Engineers, and 
the Bureau of Standards in conducting 
research in the laboratories of the 
Bureau on problems dealing with the 
utilization of gasoline and lubricants 
in automobiles. The results of this 
work have been published from time 
to time, and are of value to the petro- 
leum and automotive industries and to 
the general public as well. 

The work of minimizing corrosion 
throughout the industry is under the 
direction of the General Committee 
which consists of the combined mem- 
bership of the Committee on Produc- 
tion and Pipe Line Corrosion and the 
Committee on Refinery and Marine 
Corrosion. These two committees, 
under the chairmanships of Mr. E. P. 
Bly and Dr. H. F. Perkins, respec- 
tively, dre actively engaged in the 
study of methods and materials appli- 
cable to the corrosion problems of the 
industry. The Committee on Produc- 
tion and Pipe Line Corrosion has, pre- 
pared the first of a series of good prac- 
tice codes for the field application of 
protective coatings to underground 
pipe lines. This code, No. 1, which 
deals with the application of hot bitu- 
minous coatings, has been approved 
and published by the American Petro- 
leum Institute. Work on similar codes 
for other pipe protective coatings is 
now under way. Research work on the 
subject of pipe line corrosion and its 
prevention is being carried on by Dr. 
Gordon N. Scott, the Institute Re- 
search Associate at the National Bu- 
reau of Standards. For the present Dr. 
Scott’s activity is confined largely to 
the study of protective coatings which 
have been on pipe lines under various 
soil conditions for long periods of time. 
Soil conditions are studied in conjunc- 
tion with the life of unprotected and 
protected pipe with a view to determin- 
ing the economic limits which may 
govern the application of protective 
measures. 

The Committee on Refinery and 
Marine Corrosion has organized ten 
topical subcommittees to consider such 
subjects as condenser corrosion; pres- 
sure, pipe and crude still corrosion; 
tank corrosion; marine corrosion; cor- 
rosion resistant coatings, paints, met- 
als, and alloys; and the corrosive 
properties of crude oils. A subcom- 
mittee also will study methods for 
testing corrosion resistant materials. 

A corrosion record of the industry is 
being compiled. During the past year 
more than four hundred individual cor- 
rosion records were received and sum- 
marized as a means of indicating the 
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specific needs for more effective com- 
bating the ravages of corrosion in the 
industry. Each record received is ab- 
stracted, and copies are furnished to all 
coéperating agencies. This widespread 
dissernination of information prevents 
duplication of effort in the corrosion 
prevention work and expedites the 
adoption and use of improved methods 
as soon as they are proven effective. 

Through the General Committee on 
Fire Prevention the American Petro- 
leum Institute is engaged in- safe- 
guarding the industry against ili-ad- 
vised and unwarranted fire prevent 
tion legislation and regulation. The 
subjects of safe distances between 
storage tanks, safe loading and dis- 
charging of oil tankers, protection of 
structures against lightning, automo- 
bile gasoline filling service stations, 
tank vents, etc., indicates class of 
activities undertaken by this com- 
mittee which is in coéperative contact 
with such national agencies as the 
National Fire Protection Association, 
the National Board of Fire Under- 
writers, etc. 

By virtue of the coéperation of indi- 
vidual companies the committee 
through the American Petroleum In- 
stitute, has been able to compile a 
very comprehensive record of fires that 
have occurred in the industry since 
January 1, 1925. 

The Institute has codperated with 
the National Safety Council and its 
petroleum section, and, by its support, 
has participated in the work of issuing 
Safe Practices Pamphlets on Pulling 
Wells, Gasoline Service Station Oper- 
ation, Loading Tank Cars and Han- 
dling and Laying Pipe. More than 
22,000 copies of these pamphlets have 
been distributed to various oil com- 
panies at their request for the use of 
their employees. 

At the annual meeting of the Ameri- 
can Petroleum Institute in December, 
1926, the Board of Directors resolved 
that the president of the Institute 
appoint committees to investigate oil 
pollution conditions in the United 
States and initiate remedial measures 
and report their findings to the presi- 
dent, the theory being that evils of 
pollution could be remedied more effec- 
tively by codperation from within the 
industries than by legislation from 
without. 

In compliance with the above reso- 
lution, the president of the Institute 
appointed committees to carry out this 
survey which included a total of 619 
oil plants and a total of 177 oil fields. 

A report covering the survey of oil 
pollution conditions in the United 
States with remedial measures recom- 

(Continued on page 106) 
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One way to trap a beaver 


Not everybody in the Hudson’s Bay Com- 
pany was a trapper, any more than everybocly 
in the Bell System is a telephone engineer. 

The Hudson’s Bay people trapped a good 
many beavers in the company offices, where 
the skilful financing and careful business man- 
agement served to back up the men actually 


on the front lines. Organized activity suc- 
ceeded then just as it does today. The men 
who put up telephone lines can work the better 
because back of them are other men who pains- 
takingly design and make their equipment, and 
still other men who correlate all these activities 
into a smoothly meshing plan. 
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mended by the committees appointed 
by the American Petroleum Institute 
was submitted to the Board of Direc- 
tors in December, 1927. 

Through appropriate committees, 
the industry’s multitude of problems 
affecting the transportation of pe- 
troleum and its products by railroad 
— except freight rates— are consid- 
ered. Codéperative relationship with 
various divisions of the American 
Railways Association exists, notably 
the transportation, engineering, and 
mechanical divisions, which more di- 
rectly affect the industry’s activities 
in relation to tank car construction and 
the rules and regulations covering their 
operation. Likewise all proposed Bureau 
of Explosive or Interstate Commerce 
Commission regulations are handled. 

During 1927 the Institute codper- 
ated in a joint investigation, with the 
American Railway Association and the 
American Railway Car Institute, of 
tank car dome covers, safety valves, 
and bottom outlet valves. The investi- 
gative work was done, under the direc- 
tion of a special joint committee, by a 
representative of the National Bureau 
of Standards. 

A number of these devices were 
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tested at a special testing plant which 
was erected at Philadelphia, Pa. The 
results of the test indicated that spring 
held bottom outlet valves could not 
be maintained free from small leaks 
during transit. 

Several bottom outlet valves of new 
design which showed improvement in 
this respect have subsequently been 
approved for use on tank cars by the 
American Railway Association. 

The Institute collects and publishes 
weekly production estimates of re- 
ceipts of oil at United States ports, 
current analyses of Government figures, 
changes in gross crude oil and refinery 
stocks, summary of California field 
operations, gasoline consumption by 
states, etc., giving members full and 
reliable information as to the condition 
of the oil industry. 

Public relations work in the oil in- 
dustry is conducted under the auspices 
of the American Petroleum Institute 
and directly under supervision of the 
committee composed of representatives 
of the Institute and other oil trade 
associations. : 

The Institute issues a weekly bulle- 
tin to all of its members containing 
statistics and announcements of vari- 
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Is the PROFESSIONAL JOURNAL 
of the undergraduates of the Massa- 
chusetts Institute of Technology. 


It contains articles of general scientific 
and engineering interest in addition to 
articles dealing directly with the Institute. 
The leading engineering industries of the 
country are represented in our advertising 
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ous kinds and also periodical bulletins 
for the Standardization Division and 
the Division of Development and Pro- 
duction and Production Engineering. 
Special statistical bulletins are issued 
from time to time as well as the annual 
meeting bulletin containing all the 
papers delivered at that meeting. The 
report of the Committee of Eleven on 
American Supply and Demand was 
published in book form. Under the 
direction of the Public Relations Divi- 
sion there were published last year 
“Petroleum Facts and Figures” and 
the “Handbook for Speakers.’’ The 
Institute issues in mimeographed form 
a Daily Oil Digest. 

In almost every phase of the petro- 
leum industry, from studying the origin 
of the oil to developing improvements 
in service station operation, the work 
of the American Petroleum Institute is 
being carried on. Its codperative activ- 
ities are gaining for it an increasingly 
important position, both for the bene- 
fit of the industry, and for the country 
at large. 

In a relatively short period of time, 
it has made for itself a record of service 
and development which it constantly 
strives to maintain. 
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| Making Primers 





Lesson No. 2 of 


BLASTERS’ HANDBOOK 


RIMING a dynamite cartridge seems like a very simple job when 

you watch a professional blaster—a thrust into the cartridge, a 
blasting cap crimped onto the fuse and inserted into the hole, and the fuse 
tied to the cartridge with a piece of twine. 


But each of these apparently simple steps requires experienced handling 
for the sake of efficiency and safety. Upon proper priming depends 
complete detonation, avoiding the pulling out of detonator, guarding 
against moisture, easy and safer loading of bore holes. There are two 
methods of detonating a charge-—safety fuse and blasting cap or electric 
blasting caps. 


Each step of the several methods of priming a cartridge is fully explained 
in classroom terms and clearly illustrated in Chapter Two of the Blasters’ 
Handbook. 


The entire Handbook, in fact, is one of the practical reference and study 
works found in the classrooms of leading technical schools, colleges and 
universities. Written out of the experience of du Pont field service men 
over a great many years and taken from all fields. Meaty, well arranged, 
and condensed into handy pocket size. 







This coupon will bring you a copy absolutely FREE 
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E. I. DU PONT DE NEMOURS & CO., Inc., Explosives Department, Wilmington, Delaware 
Without cost or obligation on my part, please send me a copy of the “Blasters’ Handbook.” 
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cludes signalling of parts of Washing- 
ton, Tremont and Boylston Streets. 
All units are to be installed in accord- 
ance with the uniform standards rec- 
ommended by the Department of 
Commerce. 
Future Street Traffic Conditions 
in Boston 

The City of Boston has made, in 
this, one of the most comprehensive 
traffic surveys in the country. A re- 
port of this survey has furnished the 
city with adequate recommendations 
as to what steps should be taken. The 
city has taken the biggest and most 
important step by setting up an engi- 
neering agency to carry on the impor- 
tant work begun by the survey. This 
continuing agency insures that the 
problem of street traffic contro] will 
receive its much needed engineering 
attention. The first big undertaking of 
this new agency will be the installation 
of the first unit of traffic signals. An 
appropriation of $125,000 has been 
made and the signals will be installed 
by early summer. The successful in- 
stallation and operation of these mod- 
ern traffic regulating devices will fur- 
nish the most obvious beneficial result 
of the application of engineering prin- 
ciples to this problem. 

The new code has been installed and 
there are evidences that the motorist 
is now more familiar with Boston’s 
traffic regulations than ever before. 

Boston has made a successful start 
and has set up the machinery for con- 
tinued activity. The only thing that 
can prevent improvement from being 
made is a failure, on the part of vari- 
ous city departments, to codperate. 
This seems somewhat remote since 
once the public can witness even the 
smallest improvement, public opinion 
will demand coéperation and con- 
tinued activity. 

There is at present a bill before the 
legislature providing for a centralized 
traffic agency for the City of Boston, 
in the form of a Traffic Commission. 
At the present time the jurisdiction 
and authority of the various depart- 
ments are not clearly defined. If the 
bill passes it will be of great assistance 
in saving the City of Boston the delays 
which inure from having to consult so 
many departments before action can 
be had. 

It should be pointed out that relief 
from congestion and accidents must be 
measured in accurate terms — not 
merely the total number of persons 
injured or killed, or the mere number 
of minutes delay to traffic. Both must 
take into account the volume of traffic, 
the speed of traffic, as well as the local 
conditions. The one factor in this plea 
for relief from congestion, which the 
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public continually neglects to consider, 
is that traffic volumes are going to con- 
tinue to increase. It might be shown 
that for every increase we produce in 
the efficiency of our traffic control we 
must expect a corresponding increase 
in the amount of vehicles trying to use 
the improved conditions. Thus, for 
example, there are classes of people 
who, having cars, do not drive down 
town because of the congestion, and 
classes of people, who, having an 
income sufficient to own cars, will not 
buy one because of the congestion. 
Now, as soon as this congestion is re- 
lieved to any appreciable extent, these 
people who never used to drive down 
town will now commence to do so, and 
those who have not owned cars be- 
cause of the congestion will buy cars. 
The result will be that the downtown 
streets will receive a heavier burden 
in this additional volume of traffic. 
Obviously the system will not work 
as fluidly and the cry will go up that 
the system is breaking down, and fren- 
zied efforts will be made to improve 
conditions. Thus we can never hope 
to eliminate congestion entirely, but 
rather should strive to make our streets 
efficient in the control of traffic and 
thus permit the greatest convenience 
to the largest number. Until the pub- 
lic can become educated to these facts, 
improvements in traffic conditions will 
continue to be misunderstood and there 
will be many who will be disappointed. 


The Massachusetts Activity 


The motoring public has expanded 
its area of influence. It is common 
practice today to drive through dif- 
ferent cities and even states. Prior 
to this practice the local regulation of 
traffic in each ,individual city or town 
proved satisfactory, since travel usually 
occurred within a single city or coun- 
try, and it was comparatively simple 
for the motorist to acquaint himself 
with the rules and regulations prevail- 
ing in his immediate vicinity. Now, 
however, experience has shown that 
there is a sufficient difference in traffic 
signs, signals and regulations to be- 
wilder the motorist. It becomes neces- 
sary that the best practices be col- 
lected and made uniform. With this 
in mind the Legislature of Massachu- 
setts passed an act providing for uni- 
form traffic signs, lights, marks, signal 
systems and regulations. This law, 
Chapter 357, Acts of 1928, creates 
great opportunities for Massachusetts 
to establish a constructive leadership 
in codrdinating the control of traffic 
activities of the entire Commonwealth, 
and achieving a logical uniformity 
based upon sound engineering prin- 
ciples. 
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Purposes of the Act 


There are three main purposes of 
the act. 

First: The establishment of a basic 
uniformity in signs, signals and traffic 
control devices used by the Common- 
wealth and by cities and towns. 

Second: The maximum safety and 
facility of through traffic movements 
upon state highway routes lying within 
the limits of cities and towns. 

(a) By preventing unnecessary ob- 
struction of such routes due to improp- 
erly placed and operated control 
devices. 

(6) By protecting such through 
routes from dangerous interference by 
cross traffic, to be accomplished through 
the application, where necessary, of the 
“boulevard stop” rule. 

Third: The creation of a responsible 
traffic engineering agency in the de- 
partment of Public Works, capable of 
coéperating with local officials in de- 
veloping safe and uniform methods of 
traffic control. 

In order to accomplish the purpose 
set forth above, the Department of 
Public Works has secured the services 
of the Albert Russel Erskine Bureau 
for Traffic Research in Harvard Uni- 
versity, to make a survey and estab- 
lish such agency as is necessary to 
carry out the provisions of this act. 

The primary functions of the pres- 
ent organization deal with the erection 
of suitable basic standards for signs, 
signals and markings to control traffic, 
together with the designation of state 
routes within cities and towns as ““bou- 
levard stop” arteries. It is expected 
that there will be prepared a “Com- 
monwealth Sign and Signal Code,”’ to 
give clear indication to Jocal officials 
of the requirements of the department 
and will make possible more intelligent 
local control plannings. In principle, 
the code shouid establish basic uni- 
formity, but should be liberal so far as 
non-essential details are concerned. 

In order that the proposed code may 
be adopted with a maximum of co- 
operation from local officials, and a 
minimum of disturbance to local con- 
ditions, the following factors must be 
considered. 

First: The present system of signs 
and markings used upon the state high- 
ways. 

Second: Existing signs, signals and 
markings in use by cities and towns on 
their highways. 

Third: Proposed national standards 
resulting from current studies of the 
American Engineering Council and the 
United States Department of Com- 
merce. 

It is believed that the greatest good 
(Continued on page 110) 
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will result if the proposed code for 
signs and signals be.drafted with the 
full codperation of local officials charged 
with this function in their respective 
communities. The Commissioner of 
Public Works has communicated with 
the said officials indicating the purpose 
of the department and requesting them 
to hold themselves available to assist 
through affording information regard- 
ing their current practice, and to con- 
fer with a representative of the depart- 
ment in the preparation of the code. 
When the code has been completed it 
may be desirable to call a state con- 
ference or regional conference to obtain 
the fullest approval and coéperation of 
local officials in adopting its provisions. 

The designation of state routes 
within cities and towns as “boulevard 
stop”’ arteries requires a careful study 
of local routing problems and the sym- 
pathetic codperation of local officials. 
The State Traffic Engineering Depart- 
ment is undertaking to gather full in- 
formation as to the need for protection 
of the major trunk highways outside 
of the business districts of cities and 
towns and of the proper routing of such 
highways through such communities. 
The codperation and assistance of Jocal 
officials is to be solicited for the pre- 
vention of possible local irritation and 
to obtain effective local codperation in 
enforcement. 

One of the purposes of the act is 
to provide a responsible engineering 
agency capable of giving constructive 
leadership in sound methods of traffic 
control and administration. To realize 
its ful value, this agency must go be- 
yond mere passive approval of requests 
and take the initiative in encourag- 
ing backward communities in making 
proper standard installation of signs 
and signals. 

The character and functions of the 
traffic engineering division of the Com- 
monwealth should make it a valuable 
adjunct to the official divisions of the 
Commonwealth, charged with main- 
taining safety and convenience upon 
public ways. 

Beneficial results are to be antici- 
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pated when all local regulations re- 
specting traffic within the Common- 
wealth have a substantial uniformity. 
With the immediate requirements of 
the Legislature accomplished, the De- 
partment of Public Works, through its 
traffic engineering division, may prop- 
erly undertake the preparation of a 
uniform traffic ordinance suitable for 
adoption and application in all cities 
and towns of the state. The interest 
which has been manifested and the 
many requests which have been re- 
ceived indicate that this constructive 
move will meet with the enthusiastic 
approval and voluntary adoption by 
the communities. 

Every effort is being made to ex- 
pedite this work in order that the cities 
and towns contemplating the installa- 
tion of traffic lights, signs and signals 
may not be unnecessarily delayed. 


Activities to Date 


The department began its activities 
by sending to each city and town a copy 
of the new law, together with an inter- 
pretation of its purposes and require- 
ments. This was followed up imme- 
diately by a questionnaire covering 
signs, signals, through streets and local 
traffic regulations. The returns from 
this have served to present an accurate 
picture of the present situation through- 
out the Commonwealth. 

Due to the unusual interest in the 
through-way regulation the depart- 
ment felt it wise to issue the State Code 
in sections, releasing each section as 
prepared. Bulletin Number 1 entitled 
“Recommendations and Requirements 
Relating to Through Ways”’ has been 
issued and covers the entire subject of 
through ways. Bulletin Number 2, 
covering traffic control signals, will be 
released within a period of a month. 
Bulletin Number 3 will then be issued 
and will cover the subject of all traffic 
signs. The State Code will thus be 
made up of this series of bulletins. A 
copy of each will be sent to every city 
and town immediately upon its release. 

An accident study and analysis is 
also being conducted with special em- 
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phasis upon highway construction and 
conditions as they relate to the causes 
of accidents. This represents an at- 
tempt to develop the existing accident 
figures in such a way as to give the De- 
partment of Public Works an index as 
to what is the effect of different types 
of pavements upon accidents, and what 
is the effect of different grades or curves 
upon accidents. In addition there are 
many projects, such as highway light- 
ing, which are being considered at pres- 
ent, the results of which can also be 
measured in terms of accidents. The 
relation of all the traffic regulating de- 
vices may also be measured. 


Future Activities 

With the completion of the State 
Code and the proposed uniform muni- 
cipal traffic code, the department ex- 
pects to conduct a state-wide traffic 
survey this summer upon its trunk 
highways. The volume, speed and 
obstruction, and origin and destination 
characteristics will be carefully deter- 
mined for these highways. This date 
will present conditions covering the 
backbone of the entire state, and will 
represent a base in terms of which all 
things relating to street traffic may be 
measured. If this material is kept up 
to date by current studies, Massachu- 
setts will be in the best possible condi- 
tion to take care of its highways. 


The Trend of Street Traffic Engineering 

Engineering is slowly but surely 
working its way into the field of street 
traffic. Its beneficial results have been 
sufficiently obvious to induce prac- 
tically all of the more important cities 
to make surveys and establish con- 
tinuing agencies. With the growth of 
the traffic problem from the local stage 
to the stage of wider jurisdictions, 
traffic engineering has also expanded 
and we find in the present activity of 
the Commonwealth of Massachusetts 
one of the first examples of its wider 
application. Street traffic presents an 
engineering problem and must be met 
wherever it is found by the application 
of engineering principles. 
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years and collegiate champion in 1927, 
and George Leness °26, champion 
middle distance man, are two who have 
won nationwide renown in recent years. 

The track team as a whole annually 
proves its high quality by being one of 
the chief contenders for the New Eng- 
land crown. As a sport, track draws 
more than a hundred students within 
its folds during the outdoor and indoor 
seasons. 

Outside of official Institute sportdom 
also lies the opportunity for the under- 
graduate to engage in many forms of 
athletic pursuit. Squash, tennis and 
intra-mural crew, football, track, basket 
ball, bowling and baseball all assist in 
providing every student with some 
form of enjoyable physical develop- 
ment. 

To those who do not feel themselves 
adapted to actual participation in ath- 
letics and yet whose main interests are 
along this line there remains the broad 
field of athletic management. Under 
the liberal policies of the Institute this 
means actual charge over the activities 
of the team with which the student is 
associated. 

Such matters as the hiring of a coach, 
schedule of games and all financial ex- 
penditures rest entirely upon the shoul- 
ders of the undergraduates in charge. 
The alumni have in connection with 
athletics, as with publications, estab- 
lished an advisory council which ren- 
ders advice when requested but takes no 
active participation in the management 
of the respective teams. 

Apart from athletics another rich 
field for the student seeker of experi- 
ence is that of publications. Nearly 
three hundred undergraduates are en- 
gaged annually in some phase of the 
work of the four major publications and 
the many minor ones. 

The principal undergraduate pub- 
lications are Technique, Institute year- 
book; Tur Teco ENGINEERING NEws, 
scientific monthly; Voo Doo, comic 
monthly; and The Tech, tri-weekly 
newspaper. Of these, Technique and 
The Tech enjoy the prestige of nearly 
half a century of continuous growth. 

Here again, what and how these pub- 
lications shall carry their messages to 
readers is entirely a problem of the 
undergraduates. Success in no small 
measure has crowned the efforts of 
those searching for enjoyment and 
experience in this manner. Each of 
these ventures into the literary field 
has met with financial stability and a 
high standing among college publi- 
cations. 

The financial turnover of each of the 
four major publications averages more 
than ten thousand dollars annually and 
results in a comfortable margin of profit 
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which may be used for social expendi- 
tures on the staff. This together with 
a widespread recognition of the worth 
of publication work at the Institute 
has resulted in fixing upon the indi- 
vidual participant, by faculty and un- 
dergraduate body alike, much desirable 
prestige. 

A far step away from these student 
avocations may be found the dramatic 
and musical organizations of the under- 
graduates. Deeply entrenched in Tech- 
nology’s history is Tech Show, which 
for more than thirty years has con- 
veyed to the outside world the lighter 
side of the life of the engineering student. 

During its brilliant history of musi- 
cal comedy and revue production, Tech 
Show has become one of the best known 
of college dramatic groups and has ap- 
peared in nearly every major city in the 
East and Middle West. Recently it 
has been decided to make the show 
localized in nature and as a conse- 
quence limit its engagements to Bos- 
ton and its environs. 

One of the most popular of student 
activities in number of students partici- 
pating is the Combined Musical Clubs. 
Consisting of glee, banjo and instru- 
mental clubs plus a dance orchestra 
and several specialty acts this organi- 
zation presents to many audiences an- 
7 the musical phase of Institute 

ife. 

A newcomer in this field of artistic 
enterprise is the Dramashop which 
limits itself to the production of stage 
plays. Among its recent productions 
is that of O’Neill’s ““The Hairy Ape.”’ 
In this group, the few Institute co-eds 
are able to find a place in the scheme 
of undergraduate affairs. 

All of these dramatic and musical 
organizations are controlled by the 
undergraduates. Arrangements for per- 
formances and trips, financing, costum- 
ing and even, in the case of Tech Show, 
play and music writing, is entirely cared 
for by the student managers. 

Another entirely different phase of 
undergraduate life is represented by 
the Technology Christian Association. 
Here the undergraduates have moulded 
an organization whose main purpose is 
to render service to the student body 
which it represents with especial em- 
phasis on the new man at the Institute. 

One of the prominent features of this 
organization is its sponsorship of the 
popular freshman camp. This is held 
annually at Lake Massapoag, twenty 
miles outside of the city of Boston, just 
previous to the opening of school in the 
fall and here the incoming freshmen 
are introduced to the various phases 
and problems of Institute life previous 
to their matriculation. 

In all these activities, an effort has 
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been made to approximate their in- 
ternal organization to that found in the 
outside world. Duties are divided ac- 
cording to the abilities of members of 
the activity. Promotion within the 
activity is on a competitive basis and 
elections are made by those in charge 
of the activity. ‘ 

Nearer to the classroom may be 
found the professional organizations. 
Under the general head of Combined 
Professional Societies are the under- 
graduate Civil, Mechanical, Aeronaut- 
ical and Mining Engineering societies 
together with the Naval Architecture 
Society and Corporation XV, an or- 
ganization of those interested in busi- 
ness administration. 

The Annual Open House at Tech- 
nology is one of the major ventures of 
this combined group. Coéperating 
with a faculty committee the Combined 
Professional Societies assist in making 
the preparations for the reception and 
entertainment of many thousand guests 
during some afternoon and evening in 
the spring of each year. 

In themselves, the professional so- 
cieties foster the furtherance of profes- 
sional interest on the part of the student 
in the course of his adoption. This is 
done by entertaining speakers from the 
practicing world and in affording an 
opportunity to the student for discus- 
sion relative to the vocation he will 
soon undertake. 

Over all of these student activities is 
the governing body of the undergradu- 
ates, the Institute Committee. Its 
personnel is composed of the heads of 
the various major student organiza- 
tions and classes plus several elective 
members. 

General problems of organization 
and policy of any of the activities which 
affect the student body as a whole are 
dealt with by this body which renders 
the final decision. It occupies the cen- 
tral position in this broad panorama of 
undergraduate life and has built up for 
itself considerable renown for the effi- 
cient consideration and disposal of the 
problems it has encountered. 

The life of the student away from 
the classroom and his campus activi- 
ties has also been developed to the 
point where it is highly attractive and 
of an educative value to the under- 
graduate. 

Twenty-eight fraternities, the major- 
ity of which are prominent national or- 
ganizations, and ten dormitory groups 
afford the undergraduate a fruitful op- 
portunity to develop the social qualities 
and to form the friendships which should 
accompany any educative process. 

Numerous dances and other social 
functions by fraternity and dormitory 

(Continued on page 114) 
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groups, class dances, the Junior Prom 
and Senior Week are regular social 
features of the college year. The All- 
Tech Smoker in the fall and the Tech 
Carnival in the spring are held an- 
nually to afford an opportunity for a 
social gathering of the entire under- 
graduate body. 

To the Technology undergraduate is 
thus offered a natural life teeming with 
enjoyment and rich experience. He is 
urged to participate in this life by the 
faculty of his alma mater and the work 
of the classroom is so adjusted that he 
may do so with no harmful effects upon 
scholarship. 

When those who reside beyond the 
shadows of the mighty Institute dome 
are fully initiated into the exceedingly 
human ways of Technology under- 
graduate life the austere views now 
held by so many will completely dis- 
appear. Then the doubly educative 
process afforded by M. I. T. will be 
appreciated and respected to the same 
high degree that the professional aspect 
now enjoys. 


Sound Moving Pictures 
(Continued from page 97) 

illusion of coming from the picture 

is destroyed. 

In addition to its function as a part 
of the talking motion-picture equip- 
ment the sound projector system may 
also be used as a public address sys- 
tem for voice reénforcement. Micro- 
phones may be concealed in the foot- 
lights, and the horns so placed as not 
to affect them; for announcements 
ordinarily there will be a transmitter 
in the manager’s office. 

By means of auxiliary equipment 
provided, the system can also be used 
to provide non-synchronized music as 
an accompaniment to pictures. There 
is a cabinet containing two turntables, 
each with a pick-up and means for 
locating it accurately upon a record, 
and a fader to make possible continu- 
ous playing. The same amplifier and 
loud speakers are used as for the syn- 
chronized speech and music. 
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Oil and Gas Well Fires 


(Continued from page 95) 


Indian Territory Illuminating Com- 
pany, Bartlesville, Okla. Quoting from 
Rison’s report, “Well No. 1 on this 
Jease, while being drilled for oil in the 
Cromwell sand, encountered gas be- 
tween the depths of 2,718 and 2,738 
feet and was shut in on March 10, 1924, 
with the 84-inch casing set at 2,205 
feet. The initial volume was 62 millivn 
cubic feet daily with a rock pressure of 
920 pounds. On April 23, 1924, the 
open hole below the 814-inch casing 
began caving, and after the 4-inch 
gas line leading from the “Christmas 
tree’’ had sanded up, the well bridged 
immediately underneath the 814-inch 
master gate. 

“Following an unsuccessful attempt 
to open the master gate in the usual 
manner, the wheel was taken off and 
the gate opened by placing a 36-inch 
wrench on the stem. The well immedi- 
ately blew the bridge out, the force of 
the gas lifting the crown block from 
the top of the derrick. After the well 
had been allowed to blow for 45 min- 
utes, a friction spark, caused by a 
rock blown against a steel girt of 
the derrick, ignited the gas coming 
from a short joint of 814-inch casing 
screwed into the top of the master 
gate, as well as the gas coming from a 
split in the‘4-inch lead line which had 
been crushed when the crown block 
fell upon it. ... 

“The white hot mass of tangled 
steel girts, heavy pieces of equipment, 
as well as a large amount of 84-inch 
and 10-inch casing, which was lying 
alongside, were dragged from the well 
with the aid of several hundred feet 
of cable and a number of teams. After 
the blocking under the casing clamps 
in the cellar had burned, the 814-inch 
casing settled- down in the hole con- 
siderably. An inspection showed that 
the 84-inch nipple below the master 
gate was loose in the 814-inch casing 
collar resting on the clamps, and that 
the casing collar itself appeared dam- 
aged. Although it was possible to 
extinguish the burning gas coming 
from the split 4-inch lead line by 
turning steam into the discharge end 
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of this line, it was immediately reig- 
nited by gas burning from the burned- 
out gate valve and the short joint of 
814-inch casing screwed in the top of 
it. However, with the aid of a heavy 
spray of water the gas from the 4-inch 
lead line was kept extinguished long 
enough to complete the work of secur- 
ing a cable around the short joint of 
814-inch casing above the master gate, 
after which the entire Christmas tree 
assembly was pulled from the well. 

** Inasmuch as the physical condition 
of the well was such that shooting the 
fire out with nitroglycerine was inad- 
visable, and that a sufficient number of 
steam boilers could not be obtained 
on account of the impassable roads, 
it became necessary to divert a suffi- 
cient amount of the unburned gas 
from the well so that the seven boilers 
then in service could be used suc- 
cessfully.” 

The report further describes the 
fabrication of two diverters which were 
improvised in the field and built with 
the aid of welding torches. The first or 
primary diverter was in effect a large 
pipe bend (90° angle). One branch was 
built up internally with welding metal 
to a size which would fit snugly over 
the 84-inch casing, and the other 
branch was welded to 110 feet of 814- 
inch line. The short end of the diverter 
was then snubbed to within 3 feet of 
the well, raised to the required height, 
pulled into place, and then lowered 
into position over the 814-inch casing. 
This work was accomplished by means 
of an improvised crane, the supports 
of which consisted of tripods fabricated 
from 4-inch pipe, and by a line attached 
to the diverter and running through a 
snatch block chained to the casing be- 
low the casing clamps. This diverter 
handled 39 million cubic feet of gas 
daily, but the gas which leaked between 
the diverter and the well casing was of 
sufficient volume to forestall the efforts 
to smother it by means of steam from 
the seven available steam boilers. 

Figure 1 shows the primary diverter 
in place. Approximately 23 million 

(Continued on page 116) 
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cubic feet of gas per day was burning 
at the time the photograph exposure 
was made, although the magnitude of 
the fire is not apparent because the 
burning gas presented little color to 
the camera. Special attention is di- 
rected to the stream of water above and 
flowing parallel to the diverter pipe. 
This water spray prevented the pipe 
from warping under the intense heat 
from the burning gas. The men work- 
ing in the fire area were protected by 
water sprayed upon them. 

The second or auxiliary diverter was 
made of a straight piece of 12%-inch 
casing. The inlet end was cut and 
shaped so that it would fit snugly half- 
way round the joint between the pri- 
mary diverter and the well casing. Metal 
extensions or wings were welded to the 
secondary diverter to extend beyond 
the well casing when the diverter was 
snubbed into position. With the aid 
of a 4-inch steam jet directed between 
the wings, the auxiliary diverter re- 
moved gas at the rate of about 20 mil- 
lion cubic feet per day and the fire was 
extinguished within a few minutes. 
The total time required was slightly 
less than ten days, and the net loss was 
estimated as approximately $18,000. 
In addition to this monetary loss, more 
than 6 billion cubic feet of gas were 
wasted. 

This fire probably was caused by 
rocks striking the steel of the derrick 
and creating sparks which ignited the 
gas. It must always be considered 
hazardous to blow a well into a steel 
derrick, especially where it is expected 
that great quantities of sand and rock 
will be thrown out. The flow may be 
directed outside of the derrick by in- 
stalling a reducing-fitting equipped 
with a high-pressure gate valve on the 
master gate. A 30° or 45° high-pressure 
fitting should be attached to the smaller 
gate valve and a line run from it to a 
point outside the derrick. A 2-inch 
pipe should be attached to the valve 
stem of the master gate valve by means 
of a universal joint, and extended for a 
distance of 150 or 200 feet. With such 
a safety provision at the Shaffer Oil and 
Refining Co. well, the valve could have 
been closed safely as soon as the bridge 
had blown out instead of being allowed 
to blow for forty-five minutes and ter- 
minate in a fire. Under the conditions 
which existed, closing the gate would 
have been hazardous to the man at- 
tempting it, on account of the shower 
of rocks which issued from the well. 

The Boviard and Atkins No. 1 gas 
well is located in Section 19, Papoose 
Oil Field, Okla.* The closed-in well- 


head pressure was 1,175 pounds per 


*Information concerning this fire was ob- 
tained from C. O. Rison, previously referred to. 
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square inch. When it was desired to 
take the well’s production, all ordinary 
efforts to open the master-gate valve 
failed. A pint of nitroglycerine then 
was placed on the valve disk and set 
off. The result was fire. 

The burning well, which was esti- 
mated as flowing at the rate of 50 mil- 
lion cubic feet of gas daily, was subse- 
quently snuffed out by a charge of 
nitroglycerine. 

A sand line was run over the crown 
block of a nearby rig and anchored to 
a deadman 20 feet beyond the burning 
well. The line passed within 2 feet of 
the well head. A water-jacketed shell 
containing 20 quarts of nitroglycerine 
was attached to the sand line by means 
of two running pulleys and was low- 
ered down this inclined trolley by means 
of another line from the top of the same 
derrick which held the trolley line. 
When the shel] reached a point within 
2 feet of the mouth of the well, it was 
exploded by an electric current trans- 
mitted by previously attached wires, 
and the fire was extinguished. The 
time required was six hours. , 

It is evident that the wrong method 
was used in opening the master gate. 
It must be assumed that all usual 
methods and also many unusual meth- 
ods were employed before explosives 
were resorted to. Judgment should be 
exercised when working on a master 
gate under high pressure to avoid vi- 
olent jarring. In some cases a gate 
which is “frozen” may respond to heat. 
The expansion caused by playing a 
stream of steam against the body of the 
gate sometimes assists materially in 
opening it. Also the unbalanced pres- 
sure of 1,175 pounds per square inch 
on one side of the valve disk necessarily 
adds to the difficulties of opening it. 
Such a condition may be overcome by 
placing a reducing fitting and a small 
high-pressure gate on the downstream 
side of the valve, and by applying a 
pressure on top of the valve disk equal 
to the pressure on the upstream side. 
A more elaborate method consists in 
setting a second master gate on top of 
the first, and then installing a stuffing 
box on the upper gate, after which a 
drill could be inserted and the disk of 
the lower gate penetrated by the drill. 
If all such means fail and the use of 
explosives is finally resorted to, the 
explosive should be placed at the side 
of the valve and not on the disk. It is 
probable that two ounces of nitro- 
glycerine exploded on the side of the 
valve just cited would have disrupted 
it with less danger of fire. 

A description has been given of the 
methods of diverting oil and gas by 
means of penetrating the well casing 
at a distance below the surface; by 
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placing various types of diverters over 
and around the mouth of the well; and 
by the use of explosives. 

Various methods of smothering fires 
with steam, water, mud, carbon tetra- 
chloride, and foam have been used at 
certain wells with success, although at 
other wells the magnitude of the fire 
defied such methods. Bowie* describes 
a gas well fire burning at the rate of 
190 million cubic feet daily. Steam 
lines from twenty 50-horsepower boil- 
ers and water lines from thirteen pumps 
together with carbon _ tetrachloride 
failed to smother the fire, but the com- 
bination of these smothering media 
and the explosion of a charge of 150 
pounds of dynamite suspended from a 
cable at the base of the flame, and 30 
feet above the ground, extinguished 
the flame. 

In conclusion, it should be pointed 
out that a great many oil and gas well 
fires are preventable if proper and well- 
known precautions are taken. After a 
fire is started, it becomes an individual 
problem and should be treated accord- 
ingly. The use of explosives is gaining 
favor. 

It should be emphasized that at- 
tempts at extinguishing fires often fail 
on account of incomplete auxiliary 
preparations. Particularly, the surface 
of the ground surrounding the well 
should be cleared and soaked with 
water to prevent reignition of the fire 
after it is extinguished. 

* Bowie, C. P., Extinguishing and Preventing 
Oil and Gas Fires: Bull. 170, Bureau of Mines, 
1918, p. 26. 


A CORRECTION 


We greatly regret the fact that the 
paragraph on page 59 of the March 
issue incorrectly describes the cover 
picture, “The Hudson River Bridge 
Under Construction,” an etching by 
O. Kuhler. The view is one of the 
New Jersey tower of the bridge, with 
the New York tower and the east bank 
of the river in the distance. The bridge 
is to span the river from Fort Lee on 
the New Jersey side, to New York 
between 178th and 179th Streets. 


A New Incandescent Lamp elim- 
inates the difficulties caused by the 
black deposit which collects on the 
inner surface of high-powered lamps, 
cutting down the illumination and 
heating the glass so as to distort it. 

The deposit is removed by means 
of a small amount of coarse tungsten 
powder in the lamp which sweeps 
across the glass when it is inverted 
and shaken slightly. 
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regions had been studied and had given 
confirmation to accepted theories, but 
few areas had offered unusual phenom- 
ena. In Persia, Egypt and Tuxpan, 
Mexico, however, oil was found to be 
related to deeply buried limestone 
hills. Before burial the limestones were 
affected by the waters falling upon the 
old land surface, solution took place 
and pores and cavities were formed in 
them. Later, after new rock forma- 
tions had covered the old hills, petro- 
leum entered these cavities and reser- 
voirs of oil resulted. These occurrences 
were interesting to American geologists, 
but were still upon a rather distant 
horizon. Not until the excellent condi- 
tions of the industry in 1925 combined 
with the scarcity of surface folds to 
encourage deeper drilling, were buried 
hills found to be of importance in the 
United States. 

Deep drilling in Oklahoma, however, 
was not begun on a geologic basis. As 
with the early adventure of 1900 by 
Captain Lucas in Texas, the courage of 
unconventional opinion was needed. 
Heretofore in Oklahoma, drilling had 
been limited to depths of about 3,000 
feet above a limestone bed called the 
Mississippi Lime. Contracts of lessors 
with the farmers always read that the 
drill should penetrate to the top of the 
Mississippi Lime, but in case of a dry 
hole the farmer generally believed, 
without reason, that a deeper hole 
would certainly have found oil. In the 
state, a mythical oil formation was 
famous and was known as the “ Farm- 
ers’ sand.” However, in Tulsa a hay 
and grain dealer named Wilcox decided 
that possibly the “Farmers’ sand” 
existed. He went down south of the 
Glenn Pool, and drilled on through the 
Mississippi Lime to find oil and the 
Wilcox sand, today one of the world’s 
greatest oil producing formations. 

Deep drilling in Oklahoma imme- 
diately was stimulated. In 1924 the 
Tonkawa field was drilled down to the 
Wilcox formation at about 4,000 feet. 
In 1926 the first of the great Seminole 
pools was discovered. Here at about 
4,500 feet the Wilcox sand carried 
enormous reservoirs of oil and extrac- 
tion was expedited by the adoption of 
the gas lift in place of the older plunger 
pumps driven by rods in the well. The 
gas frothing the oil permits the sub- 
terranean pressure to lift the lightened 
column in these deep wells to the sur- 
face. 

In Oklahoma the deep production 
was found to be in connection with 
buried hills, but a second discovery of 
1926 proved to resemble still more the 
petroleum fields of the foreign buried 
ranges. In West Texas pioneers had 
drilled at Big Lake and near the Pecos 
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River. Great pools of heavy high sul- 
phur oil were found in buried porous 
limestone ranges and at the latter 
place the largest oil field in the world 
was developed on the Yates Pool where 
high pressure on the oil would permit 
the largest production from a single 
well being obtained if the valves were 
opened wide. More recently deeper 
drilling was carried out at Big Lake, 
and in 1928, at 8,525 feet, the deepest 
oil well of the world was brought in 
flowing very high-grade petroleum. 

In California also great depths had 
been reached and in 1926 new, deep 
oil formations at Long Beach were 
developed. In the area about Los 
Angeles, deep wells since that time at 
Rosecrans, Huntington Beach and 
Santa Fe Springs have contributed to 
the 150 million barrels yearly produc- 
tion of this part of California. 

In addition to increasing petroleum 
production, deep drilling has had a 
marked effect on the organization of 
the companies. Surface folds have be- 
come of less interest in the developed 
areas and in Oklahoma little work wpon 
the surface rocks is justified. The wells 
themselves are, however, studied with 
great care and the underground geology 
is known in great detail. Consequently 
the department of subsurface geology 
is today the principal unit in the oil 
company geological division. In turn 
the identification in the wells of the 
various beds has been the origin of a 
new department for the identification 
of the fossil remains extracted from the 
wells. Where identical fossil forms are 
found in different wells the same rock 
stratum is presumed to be present and 
as the material brought from the well 
is usually ground fine the microscopic 
forms are most useful. The micropale- 
ontologist, has, therefore, become an 
important cog in the human machine 
of the modern oil organization. Geo- 
physics is also being used and on the 
Gulf Coast seismographs and gravity 
measurements have led to the discov- 
ery of many salt dome pools. The 
technical study of oil occurrence has 
thus now extended to research in varied 
branches of science. 

The highly trained, efficiently or- 
ganized geological divisions of the oil 
companies, aided by the courageous 
pioneer, have carried oil production 
down to 6,000 feet in Oklahoma, to 
over 7,500 feet in California, and to the 
present maximum of 8,500 feet in West 
Texas. They have applied in recent 
years, in great detail with regard to 
local conditions, the more general 
theories of oil accumulation, origin and 
occurrence. The result is a yearly pro- 
duction from Oklahoma and Cali- 
fornia of over 200 million barrels of 
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petroleum, each more than the total 
United States production in 1912, and 
a possible production in West Texas 
near the total of a year for the entire 
country, some 900 million barrels. The 
combination of knowledge and daring 
has proven too successful and for a 
period of the future the United States 
is faced with an oversupply of crude 
oil. 

To meet this problem the oil indus- 
try has applied an unusual procedure. 
Within the states of Oklahoma and 
Texas, through agreements between 
the companies involved, each well is 
assigned a daily production “ration” 
by an umpire. New drilling is also 
limited. Production of the state is thus 
curtailed and a ruinous flood of oil 
prevented from reaching an already 
demoralized market. Within most 
states this arrangement is legal, but it 
has not as yet been generally applied. 
Under our federal laws regarding com- 
binations in restraint of trade, it is 
impossible at present, throughout the 
United States, to curtail petroleum 
production by mutual agreement. To 
stabilize the industry, therefore, oil 
operators desire federal regulation of 
the nation’s production of oil. It is 
possible that a board similar to the 
Interstate Commerce Commission may 
be proposed to assign to each state a 
ration as the state regulates the indi- 
vidual producer. Legislation of some 
corrective nature will no doubt soon 
be proposed, but the formula flair to 
producer, to consumer, and to the na- 
tion, the guardian of this great natural 
resource, has yet to be found. 

The attitude towards an irreplace- 
able natural commodity like petroleum 
should be one of conservation. In spite 
of the skill of geologists and their 
present intimate knowledge regarding 
oil occurrence, in spite of the unparal- 
leled development of the industry with 
its constant succession of new fields 
from Titusville to Seminole and Yates, 
exhaustion of our petroleum reserves 
is inevitable in time. The nation must 
look to the future; it should endeavor 
to postpone as long as may be domestic 
exhaustion of crude oils and should 
codperate with the petroleum industry 
fairly as its units are attempting today 
to cojperate among themselves. 


Kilo-Man-Hours is a term sug- 
gested recently before the A. S. M. E. 
as a convenient unit by which to 
rate industry. - But, because of the 
wide variation in results produced by 
an hour of labor, it was further sug- 
gested that “the ratio of the value of 
a product to a fixed unit of man hours 
of labor’’ be used instead. 
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The Duke Power Company Turbine-Generators 


Where do young college men get in a 

large industrial organization? Have they 

opportunity to exercise creative talent? 
Is individual work recognized? 


7 7 Af 


THE largest steam-turbine gen- 
erator units to be _ installed 
south of the Mason-Dixon line 
are now being built for one 
of the most unusual organiza- 
tions of its kind in the world. 
The Duke Power Company is 
famous for the efficiency of its 
power plants—and for 
the fact that its prof- 
its are distributed 


largely to charity. 





At a horseshoe bend in the 
Catawba River in the heart of 
the Piedmont Carolinas, the 
Duke Power Company is build- 
ing a generating plant which, if 
present plans are carried out, 
will be the largest of its kind in 
the southeastern United States. 
The ultimate capacity will prob- 
ably be 600,000 horsepower. The 
first two units, which Westing- 
house is now building, each are 
to have a generating capacity of 


55,000 kilowatts. They will de- 
velop 150,000 horsepower. 

By operating at practically 
full capacity during the entire 
24 hours of the day, letting the 
company’s hydro-electric plants 
handle variations in the quantity 
of power required, the new units 
will reduce current costs to a 
minimum. + + + 


The large jobs go to large organiza- 
tions. Westinghouse holds a strong 
appeal for young men of enterprise 

and genius because it 
almost daily provides con- 
tacts with outstanding de- 


velopments in all branch- 


Westinghouse °° 





of the product of two arbitrary func- 
tions, a step vital to the mathematical 
analysis of these line disturbances. The 
answer to this need was the first Inte- 
graph. 

This machine was successful, and its 
use on other problems than that for 
which it was originated was encouraged. 
And here Fortune was at work, for 
these problems which were quickly 
forthcoming soon demanded a versa- 
tility in the machine beyond its capac- 
ity. At that point the first Integraph 
began to evolve; but its life was short. 
In a year and a half it was superseded 
by a second generation which had ac- 
quired the ability to integrate twice, 
as well as once, and even to anticipate 
the functions which it was to integrate. 
Improvements have been made con- 
tinually to meet the problems that 
come to it, until today the machine 
stands ready to solve general forms of 
second-order differential equations in 
which the coefficients can be empirical 
relations, and even multi-valued or dis- 
continuous in form. 

The Integraph has been used not 
only by the students and staff of this 
department, but as well by members of 
other departments of the Institute, and 
by outside engineers and physicists. 
As an acknowledgment of the contri- 
bution which the Integraph represents 
to the science of computing machines, 
the Franklin Institute of Philadelphia 
a year ago presented the Levy medal 
to Dr. Bush and those research assist- 
ants who had been associated with him 
in the machine’s development. 

The success of the present Integraph 
has insured funds for further develop- 
ment, and active work has been under 
way for over a year on a third genera- 
tion of this famous Robot family which 
will possess even superior capabilities, 
flexibility and accuracy. 

The Integraph has stimulated work 
on the behavior of electrical machines 
in the transient state, for the equa- 
tions which express the relationships 
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involved are of complicated character. 
Having a machine to handle these 
equations graphically, time has been 
freed from complicated computations, 
and can now be devoted to more and 
deeper analysis. This has meant in- 
creased activity in machinery research, 
and to meet this interest a special ma- 
chinery laboratory is being developed. 

Among the major problems of large 
power system interconnections today 
are the transient oscillations which 
their synchronous machinery experi- 
ences when disturbed suddenly from 
normal operating conditions by faults 
or abrupt changes of load. The prin- 
ciples involved can be reasonably well 
developed upon machines of laboratory 
proportions; and the equipment in the 
Machine Transients Laboratory has 
been used to study aspects of this 
problem with good success. 

This laboratory is being used also to 
support the classroom work in the 
graduate courses in electrical machin- 
ery by affording facilities not conven- 
iently available elsewhere in the regular 
Dynamo Laboratory. : 

Extensive development of this Ma- 
chine Transients Laboratory has been 
planned and should be under way 
within the coming year, with the Gen- 
eral Electric Company coéperating in 
the project. 

Visitors to the Research Laboratory 
frequently comment upon the great 
use which is made here of models; and 
it is not a surprising observation after 
seeing artificial transmission lines, both 
three-phase and single-phase, artificial 
power cables, an artificial submarine 
cable, and miniature generating sta- 
tions and power networks. All of these, 
of course, are models in an electric 
sense only, behaving like their proto- 
types in terms of volts and amperes, 
but in no way resembling them in their 
physical appearance. 

In the third project of the labora- 
tory, the Alternating-Current Calcu- 
lating Table which is now under con- 
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struction, this representation in minia- 
ture is made possible on an extensive 
scale. By means of it, power system 
networks of interstate proportions can 
be conveniently represented as an 
intricate interconnection of artificial 
generating stations, transmission and 
distribution lines, and the dependent 
loads. Although power systems are 
generally polyphase, their representa- 
‘tion on the table is made single-phase 
with the proportionality of reduction 
such that 200 volts and 0.5 ampere, 
which are taken as 100 per cent quanti- 
ties, are equivalent to the rated phase 
volts and amperes of the actual system 
being studied. With connections which 
are equivalent to those of the real 
system, it is relatively simple to inves- 
tigate such problems as voltage and 
power factor control, the effects of 
additional loads or tie lines, and the 
conditions attending short circuits and 
system disturbances. These conditions 
are duplicated in the table connections, 
and the resulting current, voltage and 
power measurements made directly by 
the insertion of the necessary instru- 
ments at the stations or loads. 

This Alternating-Current Calculat- 
ing Table, in the construction of which 
the General Electric Company is co- 
operating, will be the first of its kind, 
but once its feasibility is demonstrated 
there will be, no doubt, similar tables 
patterned after it by the larger operat- 
ing or consulting groups. Already 
representative members of these groups 
are awaiting our development, and 
have asked to be favored by early 
trials of the device on problems typical 
to their interests. On the other hand, 
as the expense of such a table wil! be 
somewhat of a deterrent to its duplica- 
tion by smaller groups, the Research 
Laboratory will be able to render a 
real service to these by the use of the 
table on outside problems in addition 
to its use in instruction and organized 


research. 
M. F. Garpner ’24. 
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A new Jenkins Bronze: 
Valve with resilient: 
Jenkins Disc for steam. 
pressures to 250 lbs. 
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Fig. 801 

enkins Bronze Globe 

alve, screwed, for 
250 lbs. steam. 


Traditions — 
in college and in business 


At every college, long-standing traditions are 
part and parcel of a student’s life. Campus 
customs and campus ceremonies have a pro- 
found effect on the characters of students and 
graduates alike. 


The effects of long-standing traditions are 
noticeable in business organizations, too. The 
Jenkins tradition, established in 1864, de- 
mands that valves be made for the maximum 
service not merely the average, and that 
standards of manufacture should be main- 
tained at the highest level. 


The effects of this tradition are apparent in 
the reputation of Jenkins 
Valves and the favor they 
find with consulting and 
operating engineers 
throughout the country. 





JENKINS BROS. 
80 White Street ........ New York, N. Y. 
Send for a booklet 524 Atlantic Avenue .. .... Boston, Mass. 


descriptive of J enkins — 133 No. Seventh Street . . Philadelphia, Pa. 
Valves for any type of 646 Washington Boulevard . . Chicago, Ill. 
building in which you JENKINS BROS., LIMITED 

may be interested. Montreal, Canada London, England 


Always marked with the Diamond” 
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The BROWN & SHARPE 


AUTOMATIC ROD MAGAZINE 
provides increased net production through 
a substantial saving of the operator’s time 


LTHOUGH the average person seldom real- 
izes it when he buysa serviceable clock, safety 
razor, or any of thousands of articles in daily use, his 
thanks for their low cost are partly due the Brown & 
Sharpe Automatic Screw Machines. Their ability to 
keep costs down lies in their automatic operation 
and the rapidity with which they produce accurately 
formed parts. 

And now, to further increase the production and 
to make the cost still lower, the Brown & Sharpe Mfg. 
Co. has developed the Automatic Rod Magazine. It 
consists of a bar stock magazine with an arrangement 
for advancing the rods to the machine as they are 
needed. The operation is entirely automatic, thus the 
operator can care for more machines and the time re- 
quired for restocking is reduced to a negligible amount. 

Weare always ready to send descriptive material 
covering the Rod Magazine and the Brown & Sharpe 
Automatic Screw Machines to any student engineer 
who is interested. It will pay you to become familiar 
with the equipment that holds so important a place 
in modern manufacturing. 


BROWN £4 SHARPE 


BROWN &SHARPE MFG.CO. (IBS) PROVIDENCE, R. I., U. S. A. 





122 


steam was a source of great energy, a 
new era was entered upon which, 
starting with the Industrial Revo- 
lution, has developed into what the 
economists have called the “Machine 
Age.” 
The great developments in the auto- 
mobile, the airplane, and electrical 
steam, light and power, and transpor- 
tation industries are but practical 
instances of the direct application of 
the mechanical engineer’s training. 
Because of this vast field wherein he 
can apply his talents, there is perhaps 
a greater demand for mechanical engi- 
neers than is common in most profes- 
sions. 

The courses of instruction given in 
mechanical engineering include con- 
siderable laboratory work to supple- 
ment lectures and recitations, for in no 
profession are theory and practice more 
closely allied. 

Four special options are offered in 
the senior year. A student may, in 
place of these options, take a more 
general course in the fourth year if he 
does not desire to specialize so closely 
in some phase of mechanical engineer- 
ing. 

If the student wishes to take work 
in the options he may elect automotive 
engineering, which concerns a study of 
the principles of the construction and 
operation of automobiles and other self- 
propelled vehicles. Another option is 
known as engine design, and deals in 
detail with the design and develop- 
ment of motors, ranging from the fast 
types used in airplanes and dirigibles 
to the slow, sturdy and reliable engines 
required for the propulsion of ships. 
A third option deals with textile engi- 
neering and specializes both in the 
study of the fibre and in the study of 
the complicated automatic machinery 
which produces modern fabrics from 
their raw materials. 

The modern practice of Electrical 
Engineering is the outcome of dis- 
coveries which began many centuries 
back, but which became particularly 
notable since the beginning of the 
Nineteenth Century when Sir Hum- 


thoroughness of our methods. 
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phrey Davy, Oersted, Ampere and Far- 
aday made a great series of researches 
and discoveries in electricity and 
magnetism. Inventors soon began to 
apply these discoveries in the arrange- 
ment of dynamos, electic lamps and 
telegraphy. The discoveries and in- 
ventions have continued at an increas- 
ing rate down to the present time. 

The Institute’s instruction in elec- 
trical engineering comprises study in 
designing, manufacturing, construct- 
ing, operating and research in the fields 
of application of electric circuits, 
machinery and apparatus. Electric 
lighting and heating, electric power 
production, electric transmission and 
distribution of power, electric rail- 
roads, telephony and telegraphy (by 
wires and radio), radio communica- 
tions of all kinds, in addition to the 
designing and manufacturing of elec- 
trical machinery and appliances, are 
some of the fields of application. 

None of the manufacturing indus- 
tries is entirely unconcerned with the 
problems of chemistry. Whether the 
manufactured product is shoes er ce- 
ment or paper, there is always a raw 
material to be analyzed, a process, 
whether simple or complex, to be con- 
trolled, and a finished product to con- 
form to certain specifications. With 
the mounting realization of the im- 
portance of chemical constitution in 
all industrial processes, the sphere of 
the chemical engineer broadens, and 
broadens rapidly. The chemical engi- 
neer may accordingly be defined as an 
engineer engaged in the design and 
maintenance of the processes in which 
chemistry is applied on an industrial 
scale. 

The course in Chemical Engineering 
established at the Institute is the old- 
est in the country, and its methods of 
instruction are based upon long experi- 
ence in pioneering. In the training of 
the chemical engineer emphasis must 
of necessity be placed upon chemistry 
For the first three years the student 
is studying essentially the same courses 
which engage the attention of the 
chemist. 


THE TEST of an Engineering plan is its adaptability to the purpose for which it was designed. 
Training for Institute work is an important engineering problem. The success of our many students 
after entering the Institute is due to their adaptability to Institute requirements and proves the 
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In all branches of industry, one of 
the most important phases of engi- 
neering is the utilization of heat and 
the generation of power. 

The purpose of the Institute’s course 
in Fuel and Gas Engineering is to train 
men in the solution of the complex 
problems incident to fuel utilization 
and processing. Since these problems 
are essentially of an engineering nature, 
specialization in this field demands a 
thorough preliminary training. There- 
fore the course has been planned as ad- 
vanced graduate study for men who 
have completed an adequate under- 
graduate course in engineering or 
chemistry. 

During the past sixty years the pop- 
ulation of the United States has in- 
creased threefold; during the same 
period production of coal has increased 
thirtyfold, of pig iron fortyfold, of 
copper and lead fiftyfold and of petro- 
leum three hundredfold. The mining 
engineer and metallurgist supply the 
greater part of the raw materials of 
construction and thus occupy a funda- 
mental position in the structure of 
civilization and industry. The whole 
world is searched for its natural re- 
sources, the ores and minerals ex- 
tracted and rendered available for the 
use of man. The field of the mining 
and metallurgical engineer is con- 
stantly broadening and continually 
calling for trained men. The work of 
the Department of Mining and Metal- 
lurgy is divided into four divisions: 
mining engineering, petroleum produc- 
tion, production metallurgy, and physi- 
cal metallurgy. The courses of study 
are planned to give the student sound 
training in the sciences and their appli- 
cation in the related branches of 
mechanical, civil and electrical engi- 
neering. 

The conquest of the air has been the 
dream of all the ages, but the final 
victory came, not by dreaming, but 
by harkening to the teachings of 
science. The work of the aeronautical 
engineer today consists essentially in 
the application of the fundamental 

(Continued on page 124) 
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principles of science to the particular 
problems of aeronautics. For this 
reason, therefore, it is necessary that 
the aeronautical engineer should first 
of all be trained thoroughly in these 
fundamental principles. This may 
well require more than half the length 
of a four-year engineering course. 
Mathematics, physics and chemistry 
are the three essentials. To mathe- 
matics the aeronautical engineering 
student must be prepared to give par- 
ticular attention, for there is probably 
no branch of engineering where a good 
working knowledge of mathematics is 
more necessary than it is in dealing 
with aeronautical problems. 

For the graduate student who wishes 
to continue his work after he has re- 
ceived his bachelor’s degree, courses 
are offered in airship design, in the 
application of advanced methods to air- 
plane design, in the design and testing 
of aeronautical engines, in air trans- 
port problems, in advanced research 
methods, and in recent developments 
of the mathematical theories of aero- 
nautics. The work of the graduate 
years is largely elective, and a con- 
siderable part of the student’s time is 
spent in original investigation and 
research. 
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A certain number of students of 
science possess interests sufficiently 
broad to make it unwisefor them to 
specialize too closely in any one of the 
specific branches of science and engi- 
neering which the Institute offers. 
For the benefit of these, the Institute 
provides a general course of studies in 
a number of separate but closely inter- 
related subjects. 

Administrative Engineering is one of 
the most recently developed branches 
of engineering. In spite of its youth, 
however, it is one of the largest and 
most important fields in which the 
basic principles of engineering can be 
applied. Engineering Administration 
simply means the application of the 
fundamental laws of engineering and 
applied science to the problems of man- 
agement and production in industry 
in short, it is scientific or systematized 
management. 

Architecture is the oldest of the arts. 
Its monuments are the glory of the 
ages. Modern architectural problems 
call for modern solutions, but the prin- 
ciples that characterize good design and 
sound construction have not varied 
during the centuries, and are as vital 
a necessity in our modern life as ever 
they were in the past. An analytical 
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study of the past as the best guide to 
the future must be the keynote for the 
proper study of architecture. 

This breadth of study is of particular 
value to the student who enters the 
Institute directly from higi: school. 
The course extends over five years and 
leads to the degree of Bachelor in 
Architecture. 

For those who are interested in 
Architectural Engineering rather than 
architectural design, a separate course 
is offered. It is devoted to a study per- 
taining to the construction of a build- 
ing. Technical courses in this field are 
supplemented by courses in architec- 
tural history and in planning principles. 

The building industry is among the 
greatest of all industries and, in its 
many ramifications, penetrates into 
nearly every department of human en- 
deavor. As a field of opportunity it is 
almost limitless, for it embraces with 
its comprehensive folds all of the arts 
and all of the crafts and extends a wel- 
come to men of every kind who have 
talent and initiative and ability. The 
art of building is comprehensive. It 
engages the attention of the architect 
and the engineer, the worker in stone, 
in iron, in bronze, in wood. It is the 

(Continue d on page 126) 
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on them, 
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object of the course in Building Con- 
struction of the Institute to meet this 
demand by supplying to the industry 
scientifically trained men, equipped 
with the mathematical and scientific 
knowledge of the engineer, with a 
thorough understanding of the tech- 
nique of building and a knowledge of 
building finance and management, ac- 
counting, economics and _ industrial 
relations. 

One of man’s oldest means of trans- 
portation is the sea and shipbuilding 
has been one of the master arts from 
almost the beginning of time. The 
Department of Naval Architecture and 
Marine Engineering deals with two 
classes of students. The first comprises 
civilian undergraduates who are study- 
ing naval architecture and the art of 
ship construction as an applied science, 
or who are studying ship operating and 
the economics of the shipping business. 
The second group is made up of naval 
constructors, officers of the United 
States Navy, sent by the government 
for advanced instruction at Technology. 

At the heart of all the engineering 
professions lies the science of physics. 
It should not, for this reason, however, 
be supposed that the study of physics 
is no more than a stepping-stone to 
some future accomplishment.  Al- 
though the industrial physicist is rela- 
tively a newcomer in the ranks of 
scientific research workers, modern in- 
dustry finds itself more and more in 
need of him. 

The Institute’s laboratories are large 
and well equipped, and furnish ample 
opportunity for the student to study 
phenomena in all branches of physics. 
Instruction is organized to permit stu- 
dents to specialize either in theoretical 
physics or its industrial applications. 
Many of its graduates enter the teach- 
ing professions. Others find occupation 
in the research laboratories of scien- 
tific institutions or large corporations. 
Wherever employment may be found, 
the graduate in physics may be sure 
of finding a steadily widening field of 
application for his work, in addition to 


William G. Starkweather, M. E., Cornell '92 
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the production of fundamental knowl- 
edge in the branch of science. 

All material substances are composed 
of the chemical elements and the in- 
finite variety of products available in 
the markets of civilization is the result 
of chemical transformation of raw ma- 
terials obtained from the ends of the 
earth. The fascinating study of the 
interactions of the chemical elements 
and the many compounds to be ob- 
tained from them, the study of the 
physically important properties of 
these chemical substances and the 
applications of these properties to the 
beneficent use of man, is the pleasant 
problem of the chemist. The creation 
of a nation independent in its chemical 
resources during peace and war is a 
fascinating field for students with 
imagination and vision. The Chemis- 
try course has been planned to stimu- 
late the interest of the student in the 
satisfaction to be obtained in doing 
original thinking, creative work and 
producing new chemical knowledge 
with such broad vision that it may play 
a decisive part in new discoveries. In 
following such a fundamental course 
the student of chemistry will keep far 
in advance of the industrial applica- 
tions of principles, and will, therefore, 
be in a position of great advantage. 

The Institute has exceptional facili- 
ties for graduate work in the major 
branches of chemistry. Unexcelled 
facilities for further study of physical 
chemistry are found in the Research 
Laboratory of Physical Chemistry, 
which, founded in 1903, has been the 
training ground of a large number of 
prominent chemists now located in 
responsible positions in the educational 
institutions and industrial plants of the 
country. . 

Biology in a broad sense includes 
those sciences dealing with the study 
and control of living things, both plants 
and animals, from invisible microbe to 
man himself. Our food supply, cloth- 
ing, leather, timber and paper are 
products of biological activity, and the 
great problems of health of communi- 
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ties through sanitation and control of 
diseases are questions of biology. 

The field covered in the Department 
of Biology and Public Health combines 
in its courses the methods of the engi- 
neer, and the detailed study of the 
structure, behavior and control of liv- 
ing organisms and their activities. 
Training is thus offered to the student 
for a wide range of professional oppor- 
tunities which are divided into two 
main groups. The first of these is 
public health and sanitation; the sec- 
ond is industrial biology. 

Geology is the study of the science 
of the earth. It has many phases em- 
bracing the study of minerals and of 
the rocks which are made up of min- 
erals. It includes the study of changes 
in the form of the earth’s surface, the 
building of mountains, plains and des- 
erts, deposition of sediments and 
changes in rocks. The manner of oc- 
currence of ore deposits forms one of 
the practical applications of geology. 
The study of earthquakes and vol- 
canoes is still another side of the science 
and one of much importance to man- 
kind. The study of the history of life 
on the earth as shown by fossils in 
the rocks makes still another very dif- 
ferent but very important part. 

In order to equip men to start, upon 
graduation, in one phase of such broad 
applications of geological science, the 
undergraduate course in geology does 
not specialize, but gives rather a basic 
training in the science backed by ade- 
quate foundation in the fundamentals 
of mathematics, physics, and chemistry. 

A graduate course is offered by the 
department to give to the advanced 
student opportunities to specialize in 
mineralogy, petrology (study of rocks), 
economic geology and paleontology 
(the study of fossils). A strong em- 
phasis is placed on research work by 
graduate students, and such men will 
find encouragement during the progress 
of their work and in the publication of 
the results of their investigations. 

Day by day man’s knowledge and ex- 
perience increases. He becomes better 
able to cope with his environment, to 
use and apply the principles and dis- 
coveries of science for the benefit of 
human welfare. To do this, is the 
privilege of the engineer, and, as the 
field of science widens, new branches 
and new opportunities open in the engi- 
neering profession. The Institute is 
keeping apace with these modern con- 
ditions. New courses are constantly 
under consideration, and every effort is 
being made to insure a technical train- 
ing well qualified to maintain the high 
reputation of Technology, and the 
standards set by the achievements of 
the Alumni of M. I. T. 
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NDUSTRY of the old school faced Waste 
as a necessary evil. 


But now there is a new school, the modern, 
which employs new weapons to fight friction, 
maintain alignment, save power and preserve 
enduring machine life. 
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STOUT heart; a burro laden with pick, shovel, 
and the bare necessities of life; and the pros- 
pector was ready for the gold rush—Sutter’s Mill, 
the Pike’s Peak country, Cripple Creek, Klondyke. 
A scattered trail of half-worked claims marked 
his sacrifices. 


To-day mining is a business, with electricity 
replacing wasteful brawn in mine and mill. 


The deep mine, with electric lights, hoists, and 
locomotives; the surface mine with huge electric 
shovels scooping up tons of ore in a single bite; 
the concentrating mill with its batteries of elec- 
trically driven machines; the steel mill with its con- 
stant electric heat—here are but a few of elec- 
tricity’s contributions to the mineral industries. 


So in every industry, electricity increases produc- 
tion and cuts costs. It is the modern prospector, 
leading the way into wider fields and tapping 
undeveloped resources—that we may enjoy a finer 
civilization and a richer, fuller life. 
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